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PROPERTIES AND CLASSIFlCATION OF THE PAHA 
LOESS-DERIVED SOILS IN NCRTHEASTERN IOWA
1 
Wayne H. Scholtes 2 
INTRCDUCTICN 
It has long been recognized by geologists that local deep accumulations 
of loess oriented in a northwest-southeast direction occur on the north-
east Iowan drift plain. Earlier investigators reported that these accumu-
lations of loess, called paha (27 ), are present in many counties in north-
east Iowa. 
The soils derived from loes s on the paha were originally mapped as 
members of the Clinton, Fayette, and Tama series. Preliminary obser-
vations in the field indicated that the soils on the paha should perhaps not 
be classified with the soils of the Clinton, Fayette, or Tama series. 
Studies by Hutton (2 0) and Ulrich ( 66) in southwest Iowa, Hunter ( 19) 
in southeast Iowa, and Smith (4 7) in Illinois show that soils derived from 
one source of loess tend to have characteristics peculiar to that particu-
lar loess, its thickness and distribution pattern. 
Ulrich (66) concluded for Weisenboden and Planosols in Southwestern 
Iowa that as the loess thinned the volume weight increased, porosity and 
permeability decreased, and the degree of horizon differentiation in-
creased. Hutton (20) studying the relationship of loess distribution and 
soil formation in southwestern Iowa to the morphology of the soil profile 
found that thickness of loess was related to physical and chemical prop-
erties of certain Brunizem (formerly called Prairie) soils. Changes in 
B runizem soils in southeastern Iowa developed from thinning loess were 
attributed by Hunter ( 19) to time of weathering and variations in parent 
material. From the studies of these investigators certain morphological, 
physical, and chemical characteristics were found for established soil 
series and a clearer understanding was obtained of the genesis of the 
soils. The soils on the paha may be evaluated and compared to soils 
which have already been studied through the use of similar techniques of 
investigation. 
The studies reported herein were undertaken to clarify the clas sifi-
cation of the soils on the paha. It is hoped that this study will reveal 
whether new series should be established for these soils on the paha, or 
whether they should be included with soil series already established in 
Iowa or elsewhere. It is also hoped that a better understanding will be 
obtained of the paha in general and of the morphology, genesis and char-
acteristics of the soils which occur upon them. 
1 Journal paper No. J-2499 of the Iowa Agricultural Experiment Station, 
Aines, Iowa. Project No. 1152. 
2 Professor of Soils, Agronomy Department, Iowa State College. Aines. 
The author is indebted to Dr. R.V. Rube for his suggestions and review 
of the manuscript. 
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HISTORICAL 
Classification of Soils on the Paha of the 
Northeast Iowan Drift Plain 
Field and laboratory investigations in recent years have provided in-
formation concerning the physical and chemical properties of soils. On 
the basis of additional physical and chemical information now available, 
many revisions have been made of soil series established in earlier sur-
veys. The soils on paha were occasionally designated as being different 
than the Tama, Clinton, or Fayette series. Before the Tama series was 
established, some of the soils on the paha developed under grass vegeta-
tion were designated as Muscatine silt loam (51 ). In some instances the 
soils on the paha were mapped as Carrington silt loam or Shelby silt 
loam. Perhaps the presence of coarse sand grains which occasionally 
occur within the soil led some of the earlier surveyors to classify these 
soils with soils derived from glacial drift. However, in the majority of 
instances the soils of those paha which are recognizable on the soil sur-
vey maps are included in the Tama, Clinton, or Fayette series. A brief 
review of the concepts of soils which have been mapped on the paha of 
northeast Iowa follows: 
Tama series 
In 1917, the Tama series was established in Blackhawk County, Iowa, 
and subsequently has been mapped in Iowa, Illinois, Minnesota, Missouri• 
Nebraska, and Wisconsin ( 67 ). 
As described by Stevenson and Brown (52) the Tama series in north-
east Iowa was developed from loess under the influence of an annual rain-
fall of about 35 inches, a prairie vegetation, primarily bluestem (67), and 
on undulating to rolling topography with good drainage. The surface soil 
was described as being a dark brown to black silt loam about 10 to 12 
inches thick which graded into a lighter brown fr i able silty clay loam. 
Riecken and Smith (3 6) presently designate the Tama series in Iowa as 
being somewhat more restricted in several profile properties and geo-
graphic range as compared to the range given by Brown. They define the 
Tama soils as being developed from loess under a paririe vegetation on 
rounded ridgetops and slopes which range from about 2 to 15 per cent. 
The surface soil is dark brown to a depth of 9 to 14 inches with a yellowish 
brown, friable silty clay loam and moderately permeable B horizon. For 
the Tama series the B horizon ranges from about 28 per cent 2 micron 
clay in some profiles to as much as 3 5 per cent in others. Mottlings due 
to soil-forming processes are not found in the solum. According to the 
definition of the Tama series by Brown (11 ), the Tama series was also 
mapped in counties such as Adair and Washington, but Riecken and Smith 
(36) have included the Tama of these counties within the range of the 
Sharpsburg and Otley series, respectively. As defined by Riecken and 
Smith, the Tama series in Iowa would be expected to occur principally or 
almost exclusively in the Tama-Downs and Tama-Muscatine soil associa-
tion areas as shown in Fig. 1. 
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Fig. 1 . Location of soil profiles sampled on paha in northeastern Iowa 
and principal soil association areas of Iowa . 
Clinton series 
The Clinton series was established in 1916 in Ringgold County, Iowa, 
and has been mapped in extensive areas in Wisconsin, Minnesota, Illinois, 
Iowa, and Missouri (67). 
As described by Stevenson and Br_own (55) the Clinton series in north-
eastern Iowa was developed from loess . under the influence of an annual 
rainfall of about 30 to 37 inches and under a forest vegetation, consisting 
primarily of white and red oak, hickory, elm, walnut, basswood, and 
hard maple, on gently to sharply rolling topography with good drainage. 
The surface soil was described as being a light grayish-brown or dull 
gray, slightly compact silt loam about 8 to l 0 inches thick which graded 
into a light brown to buff colored silt loam subsoil. 
Originally the Clinton soils were defined as having a distinct set of 
characteristics differing from those of the Fayette soils . However, both 
soils were widely recognized and mapped, eventually losing their original 
identity in northeastern Iowa. Field and laboratory studies in recent 
years have shown that the name Fayette was used in some counties for 
soils which were called Clinton in other counties. At other times the 
Clinton name was applied to soils having a silty clay loam or silty clay B 
horizon, while the name Fayette was i:eserved for soils with a heavy silt 
loam or light clay loam B horizon. The characteristics of the Fayette 
and Clinton soils with respect to parent material, climate and degree of 
illuviation were also poorly defined . 
Due to the confusion concerning the correlation of Clinton and Fayette 
soils, a cooperative field and laboratory study of the loess-derived soils 
of the upper M i ssissippi Valley was inaugurated between several states 
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and the United States Department of Agriculture. As a result of the study 
the Clinton and Fayette series were redefined { 69 ). . 
Riecken and Smith (36) currently designate the Clinton soils as being 
developed from loess under a forest vegetation on narrow rounded ridges 
and on the gentler slopes bordering the breaks of the broad ridges. The 
surface soil is a light brownish gray silt loam; and the B horizon is a 
mottled yellowish brown slowly permeable silty clay loam. The clay 
content of the Clinton subsoil ranges from about 35 per cent in some pro-
files to 40 per cent in others. Natural drainage of the Clinton · soil is 
adequate for cropping. The Clinton series has been redefined as occur-
ring almost exclusively in the Clinton-Lindley soil ass o.ciation areas. 
Fayette series 
The Fayette series was established in Fayette County, Iowa, in 1919, 
and has since been mapped in Iowa·, Illinois, Minnesota, and Wisconsin. 
According to Stevenson and Brown(59) the Fayette series . in eastern Iowa 
was developed from loess under a forest vegetation comparable to that 
under which the Clinton soils developed. The topography of the soils was 
stated as being rolling or sloping with good drainage. Rainfall in the 
region of the Fayette soils varies f~om 32 to 36 inches (68). The surface 
so.il was described as a light brown to light grayish brown friable silt 
loam to a depth of 8 to 10 inches. The subsoil was a light brown compact 
friable silt loam which graded into a lighter colored silt loam at a depth 
of 18 to 20 inches. 
R .iecken and Smith (36) presently designate the Fayette soils as being 
developed from loess under a forest vegetation on ridgetops and adjacent 
slopes varying from 2 to 20 per cent. The surface is a light brownish 
gray silt loaci 4 to 6 inches in depth. The B horizon is a yellowish brown 
light slity clay loam which ranges from about 28 to 3 5 per cent clay. The 
Fayett~ series has been restricted more or less in Iowa to the Fayette, 
and Fayette, Dubuque, Stony land soil association areas as shown in Fig .1. 
Formation of Soils on the Paha 
The paha considered in this study are located on the Iowan drift plain 
of northeastern Iowa. Throughout their range of distribution on the drift 
plain the climate is rather uniform with an average annual precipitation 
of about 30 to 36 inches (68). Seasonal temperatures show only slight dif-
ferences between the extremities of the area. The greatest difference ·in 
average frost-free period between the nor.th and south parts of the area 
is a matter of only 15 days. Climate, therefore, is not an important 
cause of differences among the soils of the paha. As the soils of the ad-
jacent Iowan glacial drift plain occur in the same area as the paha, no 
differences would. be expected between soils of the paha and the drift-
derived soils due to climate. 
Time can be considered unimportant in causing differences between 
the soils of the paha as the paha are of the same age. Then, too, the soils 
of the adjacent drift plain are approximately the same age as the paha 
and, consequently, time should cause little or no difference between the 
drift-de~ived soils and the . soils of the paha. 
Topography might be expected to cause minor differences between the 
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soils on the paha. The paha have rather steep slopes and narrow ridge-
tops. Local differences in slopes undoubtedly cause some differences . 
between soils on the paha. In general, the slopes of the soils on the 
Iowan drift plain are more gentle than the slopes of the soils of the paha. 
However, the topography of some areas of Iowan drift is quite similar to 
that of the paha. As similar slopes in the Iowan drift area .and the paha 
areas do not have similar soils, topography can be considered unimpor-
tant in causing differences between soils of the paha and soils of the ad-
jacent Iowan drift plain. 
The effect of vegetation, other factors being simUar, is evidenced in 
the morphology of soils on the paha. Those soils on the paha which de-
veloped under a vegetation of trees have characteristics of the Gray 
Brown Podzolic soils, whereas those de.veloped under a grass vegeta-
tion have characteristics of the Brunizem soils. The soils on the . Iowan 
drift plain adjacent to the paha were derived under a grass · vegetation. 
Many soils on the paha were also derived under. a grass vegetation, yet 
differ from sq_ils derived from Iowan drift. Therefore, differences due 
to vegetation between these soils and soils on the .paha would be caused 
only when the soils on the paha were derived under a vegetation of trees. 
The loess of the paha does not appear to be as homogeneous as loess 
from other sources . Thus, differences in par en tr material of the paha 
could result in the formation of different soils on any one paha or between 
paha. The loess parent materiaJ of the soils on the paha, although some-
what heterogeneous, is considerably more uniform than the glacial till 
parent material of soils adjacent to the paha. Parent material, then, is 
thought to be important also in causing differences between the soils of 
the paha and the soils of the Iowan drift plain. 
An understanding of the parent material of the soils on the paha is 
necessary to explain some of the characteristics of the different soils. 
The factors which affect the parent material of these soils, such as mode 
of deposition, climate during deposition and time of deposition should be 
considered in detail. The proper diagnosis of the parent material may 
help provide a basis for correct evaluation of the place of the soils on th.e 
paha in our present system of classification. The sand very infrequently 
found in small areas on some paha is considered extraneous to this study, 
because of their infrequent occurrence and lack of appreciable amounts 
of silt. . 
Many of the geological references have been cited ci.nd discussed by 
various authors. Unles:s previous research by such authors has an inti-
mate bearing on the problem, it will only be mentioned. 
Mode of Loess Deposition 
In 1870 Richt.of~n first suggested the eolian origin of the loess deposits 
of China. Todd {63) and his associates objected to this hypothesis and 
proposed an aqueous origin of the silty material. Shimek (45) studied 
the problem for more than 50 years anq cited his observations to dis-
prove the aqueous concept of Todd. In 1897 Cha~berlin (15) supported 
the eolian theory, but it was a modified fluvio-eolian hypothesis. This 
mechanism he proposed is currently accepted as responsible for the 
loess deposits of this region. 
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Climate During Loess Deposition 
Shimek (43,44,45) and Baker (7) concluded that the climate during lo-
ess deposition was similar to our present climate. Kay and Graham (22) 
believed the climate during loess deposition was becoming increasingly 
arid. 
Age of Loess Deposits 
The term "Peorian" set up by Leverett (26) in 1898 was originally 
proposed as the interval, represented by weathering, at the top of the 
Iowan loess in Illinois where the Iowan loess is overlain by Tazwell drift. 
This term became generally accepted for b'Jth the period of deposition 
and the time of weathering of the loess, Leighton (25) and Kay and Leigh-
ton (23 ). In 1941, Kay and Graham (22) interpreted the Peorian interval 
as including Iowan loess and weathering until the advent of the Mankato 
ice. Because the lo es s of the Iowan drift region did not accumulate in 
only one period, the term Peorian is not applicable to the composite lo-
es s. Therefore, Ruhe (3 7 ), has used a modified nomenclature to sup-
plant the term Peorian. The composite loess is designated as Wisconsin 
loess, and where the glacial substage is recognizable the loess associated 
with it is termed the substage equivalent. 
Lodgement Factors Affecting Loess Depth 
In studying loess thickness, Smith (47) points out that the loess depth 
at any point is the resultant of two sets of forces, those of deposition and 
those of removal. If the loess were deposited on a bare surface with no 
vegetation, it could have again been picked up by the wind and redeposited 
elsewhere. Smith observed in Illinois that areas which may have had 
little or no vegetation during loess deposition, usually are thinly covered 
with loess. Shallow lakes recently drained showed the loess to be thinner 
than on higher ground. Areas covered by fine textured, slowly permeable 
till generally have thinner loess than adjacent till having a more favorable 
texture for plant growth. He suggested the loess was thinner in these 
areas because of the scarcity of vegetation to catch and hold the loess. 
The shallow lakes were probably covered by ice in the fall when loess 
deposition is thought to have been most rapid, and loess deposited there 
could have been picked up and redeposited elsewhere. Hobbs (1 7) de-
scribed the collection of loess in the tundra, noting that in areas without 
vegetation the sediments tended to drift and collect in the lee of objects 
which broke the force of the wind. 
Shimek (41) noted that there were three requirements for loess depo-
sition. These were: a source of supply, a transporting agency, and an 
anchorage for the dust. He stated the first is to be found in river bars, 
sand dunes, and also areas bare of vegetation. The transporting agency 
was the wind. Plants furnished anchorage for the dust. Shimek contended 
that plants were abundant during loess deposition because of the follow-
ing: 1. The loess is equal or often thicker on ridge tops, indicating that 
only anchorage furnished by plants could prevent the loose, soft loess 
materials. from washing away. 2. The uniform thickness of the loess in 
many places suggests its deposition in the shelter of taller vegetation. 
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3. Abundant root-marks, mostly iron tubules, in many parts of the loess 
are proof of an abundant vegetation. 4. The presence of an abundant flora 
is furnished by the fossil land snails which show not only the presence of 
an abundant vegetation necessary for food and shelter, but also indicate 
floral type areas. 
In his detailed treatise on the eolian mechanism Bagnold ( 6) points out 
that in a physical sense vegetation can be regarded as a special kind of 
surface roughness. He points out that sand grains do not bounce off vege-
tation as they do from a hard surface, but rather lodge and accumulate. 
He states that as long as vegetation is alive, the surface on which it grows 
cannot ever become fully charged with sand, for vegetation grows higher 
as sand accumulates around it. As a result, under all wind conditions a 
grassy or vegetated surface acts as a continuous deposition area. 
Shimek (42) considers that any type of vegetation will serve as a place 
of lodgement. He states that under forest conditions the accumulation of 
loess would be more uniformly blanket-like, whereas grass vegetation 
would result in a less uniform mantle. 
The Problem of the Paha Loess 
The term paha was applied to isolated loess capped knobs and ridges 
within and on the borders of the Iowan drift by McGee (27). Originally, 
according to McGee, the Dakota Indians applied the name paha, meaning 
hill or hills, to these prominences. In describing paha McGee(27, p. 220) 
refers to them as: 
.... loess capped eminences, sometimes elongated to ridges 
miles in length, sometimes shortened to elliptical hills. 
He also described individual paha (27, p. 3 97) as an: 
.. . . elongated swell of soft and graceful contour, standing 
apart on the plain or else connected with its fellows sometimes 
in long lines, again in congeries, and locally merging to form 
broad plateaus. 
Composition of the Paha 
McGee described the paha as typically consisting of the following 
materials: 
1. Loess 3. Drift 
2. Loose sand 4. Indurated rock. 
However, it is the observation of Shimek (42) that the loose sand may 
be missing and that the indurated rock may not be discernible. This was 
also observed in this study. In most exposures the loose sand was not 
found underneath the loess cap. 
Origin of the Paha Loes s 
McGee (27) postulated that paha were formed by an aqueo-glacial 
mechanism whereby canyons in the ice became charged with glacial mud. 
As the ice melted the mud-filled lakes and crevices remained to form 
eminences of distinctive composition and structure. Where loess was 
absent from hills of high elevation McGee assumed that it had been re-
moved by erosion. Shimek (42) contested McGee's theory that the pres-
ence of lo es s was due to melting ice. He found fossil mollusks in the 
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loess of the paha and identified them as terres t rial species which could 
not have existed were McGee's theory correct. 
Norton (33) considered that the problem of the paha consisted of two 
parts: the origin of the till nucleus and of similar pahoid hills with no 
loes s, and the origin of the lo es s cap. Concerning the origin of the loess 
cap, he attempted to support the fluvio-lacus t rine hypothesis of loess 
formation on the paha advanced by McGee. However, Norton did not sub-
scribe to the portion of McGee's theory regarding the absence of loess 
from local eminences. He reported that in Linn County some hills which 
were paha in form had no loess and stated that there was no reason to 
believe that loess had ever been deposited upon them. Norton {33) ob-
jected to Shimek's eolian hypothesis as applied t o the loess J f the paha. 
He concluded the aeolian hypothesis did n 1t explain the presence of isola-
ted masses of loess on the paha and its absence from intermediate areas. 
Shimek (42) contended, however, that in the light of surface conditions 
as related to floral development and distribution, this was in reality fur-
ther substantiation of the eolian theory. The elevations were the first to 
be drained and to present favorable growth conditions for the development 
of lodgement vegetation. They also acted as an obstacle which was grad-
ually built up by material blown upward along the surface. The dust 
would be carried upward where it would lodge in the established vegeta-
tion. Shimek also answered Norton's statement {33, p . 385) that "it would 
seem that loess, if of eolian derivation, should be as widespread over the 
country as the channelle$s currents of the air which laid it." He pointed 
out that loess would be deposited only when the three requirements for 
loess deposition~ namely, source, agency, and anchorage were fulfilled. 
Norton's· final objection to loess as eolian in origin, was that if loess had 
been rapidly deposited in a forest there should have been an accumulation 
of logs and similar material, and, if slowly dep ) sited, the l o ess should 
have been leached free of carbonates. Shi mek dismissed the possibility 
of rapid deposition because as carbonaceous materials occur in only very 
small amounts inpaha loess, decomposition could occur only if deposition 
were slow. He dismisses Nortons idea that slow deposition was accom-
panied by decalcification by pointing out the possibility of the return of 
calcareous material with the dust from the source area. Shimek refuted 
the fluvio- lacustrine theory of McGee and Narton, and emphasized the 
importance of the fossil fauna in discrediting this theory. 
Bagnold {6) asserts that the detailed shape of the self dune assumes 
several different sub-types according to the particular long-period wind 
regime which prevails in the area. The essential feature common to all 
dunes is a single continuous ridge which swells and rises at regular in-
tervals to form a chain of summits. That the paha conform to this con-
figuration is illustrated by the definition of the paha given by McGee (27 ). 
In his study of eolian sand deposits Bagnold {6) found that once fine 
solid particles smaller than 0. 03 mm have settled to the ground after 
being carried by the wind, they cannot be swept up again individually. 
This is because they sink into a viscid surface layer of air and are out of 
reach of the disturbing influence of the eddies of turbulence. The ground 
surface acts as a dust trap. However ; the wind can still exert its l o cal 
pressure on small aggregations of particles which the wind can treat as 
though they are sand grains. When a wind begins to blow, its first action 
P.AH.A LOESS-DERIVED SOILS IN IOW .A 171 
is to tear off such projections and redisintegrate them. 
Scholtes and Smith (49) using the same line of reasoning as Bagnold 
have postulated the formation of the paha loess due to movement of sand 
and sand-sized aggregates of silt and clay by saltation. They point out 
that in Franklin County a large paha revealed a lack of sorting compared 
to even the coarse loess in Illinois analyzed by Smith (47). The mecha-
nism of saltation for at least s Jme of the loess material on the paha 
might account for the poor sorting and heterogeneity of the soil materials 
found on the paha. With both sand particles and sand-sized aggregates of 
silt and clay moving by saltation, formation of longitudinal dunes would 
be quite possible. Presumably such movement would have occurred be-
fore vegetation covered the Iowan drift plain and was concurrent with the 
formation of the ventifacts in the Iowan pebble band. Such conclusions 
are consistent w'ith other data such as that shown by Moss (28 ). He ana-
lyzed a number of soil drifts which were moved from bare fields. His 
data showed that the drifts, which behave like sand drifts, vary but little 
in texture from the soil in the fields from which they blew. While some 
silt and clay are completely removed from the area by the dust storms, 
the_ drifts which are formed are only slightly coarser than the original 
material. 
Orientation of the Paha 
McGee (27) pointed out that one of the most striking characteristics of 
the paha was their consistent general orientation. The paha all ha.ve a 
west-east to northwest-southeast orientation. He noted that in .the north-
ern part of the Iowan drift plain the longitudinal axis of the paha had a N 
45 • to 50° W. In the east central portion of the drift plain their longitu-
dinal orientation was N 50° to 60° W. In the southwest part of the Iowan 
drift plain the paha are oriented about N 45 • w. The main axes of the 
paha become oriented more westerly proceeding to the southeast so that 
in Scott County they are aligned almost exactly westward. 
Distribution of the Paha 
Norton (31,31,32,33), .Alden (2), Savage (38), and Calvin· (12, 13, 14) 
recognized the presence of paha within their areas of investigation and 
4
r eported them in some detail. Other investigators working within the 
Iowan drift area were cognizant that paha were to be found in the parti-
cular county in which they worked as Udden (65), Williams (70), Savage 
(39), and .Arey (3,4), but they devoted little time to the problems of the 
paha. In some county geological reports paha are sh~wn on the map of 
the superficial deposits but in other county reports they are either not 
shown on the map or no map was made of the superficial deposits. 
As reported -_by Kay and Graham (22), the Peorian loess is very thin 
bn the Iowan d-rift plain. In Benton County, for e,xample, the loess was 
shown to be 4 feet thick, except along the border of the Iowan drift plain; 
On the many paha in Benton County the local accumulations of deep loess 
were either overlooked or an average depth of the loess for the entire 
landscape may have been given. 
Local areas of loess ac·cumulation within the Iowan drift area were 
also recognized by workers in soil classification in Iowa. Stevenson and 
Brown (5.1, 52, 53) noted the existence of paha on the Clinton lobe of the 
172 WAYNE H. SCHOLTES 
l'J(JRf rd1CrldL 




Cnlt:K".S .. i. 
' ' ' 
BLACK riANC - BUl:lUJl"" 
~ .. ppMxi:t1•1tel>::>rdero f l::u ·1rn 
ciri'.t (?5 r ll,:. flf t .,. :- !IJ •11. 
Veo l);:lc.<il Su rv e,:.) 
.....__- i..,;pr:>:d;c.;, tt ;,.o r der ::>f :.:.:..:i ~<>to 
d ri '.t (?·, rtl ;.. <.: '. ti::r [o ·..,.a 
Lr: .Jl.J!. ~ c-:.. l !::u rve:,) 
...._ l.,.") (''.i nC'ri..mul .. tilno!· '.:!1i rk 
loe~!" o .. Joe:>s- ti~'! 11. s-•.l" ri :..l 
( <'a hn) 
i::.4 ..:i :..E- ~ . .., ?:• -:- :>:~ . 
=c:-u le 
Fig. 2. Location of pa ha on Iowan drift plain. 
Iowan drift in Clinton, Cedar, and Linn Counties. On certain other east-
ern Iowan county soil maps some paha can be located by soil type pattern, 
although the presence of paha as such may not have been recognized. On 
the soil maps of Bremer (50), Fayette (54 ), Benton (55 ), Grundy (56) , 
Floyd (57), Winneshiek (58), Delaware (59), Jones (60), and Butler (61), 
Counties many paha can be located by the soil type pattern. The county 
soil reports were valuable in helping to determine the location of many 
paha on the Iowan drift plain as shown in Fig. 2 . * 
Scholtes and Smith (40) m~pped paha which they encountered during 
the course of field studies and found that paha occurred in most counties 
in _the Iowan drift area in northeast Iowa. Many paha, for example, in 
Benton County, can be located on the soil map where they are shown as 
isolated elongated areas of Clinton silt loam. In other counties such as 
Winneshiek, Linn, and Cedar Counties the soils map shows long isolated 
areas of loess-derived soils, both forest andprairie-derived, surrounded 
by soils developed from Iowan drift. Usually these areas are paha. On 
some soil maps, however, they cannot be located as the classification of 
soil types used in the mapping did not differentiate the soils of the paha 
from the surrounding soils. Some county soil maps, as Franklin (46) and 
Tama ( 1) Counties, do not indicate clearly the existence of very promi-
nent paha within the county. 
*The area shown in Fig. 2 as the Mankato drift border is now recognized 
as the boundary ot the Cary drif't (37). 
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METHODS OF INVESTIGATION 
Descriptions of the Area in Which the Paha Occur 
The area studied is located in northeastern Iowa. It occupies all or 
parts of twenty-five counties, and comprises approximately one-fifth the 
area of the state. It is bounded on the north by the state of Minnesota. 
The eastern boundary of the Iowan drift area approaches the Mississippi 
River at distances varying from about 20 to more than 50 miles. The 
border of the Iowan drift plain becomes very lobate in the southeastern 
portion where it extends into Clinton County. The area is roughly bounded 
on the south by the top of the sixth tier of counties south of the Iowa-
Minnesota state line. On the west, the Iowan drift plain is b Junded by 
the Bemis moraine of the Cary drift plain. The east, south, and south-
west sides of the Iowan drift plain are bordered by thick loess and sand 
deposits. 
Kay and Apfel (21) describe the area as more _ typically gently rolling 
than any other portion of the state. They describe the river valleys as 
being fairly broad in relation to the streams in them, and, instead of 
the broad valleys having wide flood plains, many of them have concave 
profiles. They state that the flood plains in some places are not filled 
with alluvium, but are drift flats appearing about the same today as when 
the Iowan glacier disappeared. 
The broad valleys are fringed by lines of hills which vary in slopes 
from gentle to steep. The relief is not great in any locality, being usu-
ally less than 100 feet. The divides are generally undifferentiated by 
prominences from the hills which border the stream valleys. The relief 
is very slight in parts of the drift mantled plain, but it is sufficient to 
provide surface drainage. No lakes occur on the drift plain, but colluvial 
areas may become the site of shallow ponds after heavy rains. 
The bulk of the Iowan drift is very thinly mantled by poorly sorted lo-
ess. A pebble band underlies the poorly sorted material most commonly 
at depths of from 1 to 2 feet. Riecken and Smith (36) have indicated that 
well sorted blanket loess occurs on the southwestern portion of the north-
east Iowan drift plain. They show an area of well sorted loess of 30-
100 inches thickness extending from south central Benton County to the 
northern portion of Tama County, the southwestern two-thirds of Grundy 
County and most of Franklin County east of the Cary drift border. Kay 
and Graham (22) indicate that most of the Iowan drift is overlain by two 
feet of loess. Their map of the thickness of the Peorian loess shows a 
great increase in loess thickness around the border of the Iowan drift. 
Although, as previously stated, no great differences in elevation exist 
in any locality on the Iowan drift plain, an eminence of 25 to 75 feet be-
comes very prominent when surrounded by a very gently undulating plain. 
The paha become strikingly obvious on the drift plain because of their 
rise in elevation above the adja~ent ~drift. In addition to their rather 
abrupt rise from the drift plain, their billowy configuration coupled with 
their very similar orientation makes them conspicuous. Different soils 
are likely to occur on the paha . than on the adjoining drift plain because 
soil forming factors differ. However, prominences on the Iowan drift 
plain may not always be paha, for some prominences may consist of Iowan 
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till with little or no loess present. In other cases the pahoidprominences 
may be thin loess covered inliers of Kansan drift within the Iowan drift 
area. 
Field Studies 
Location of Paha on Northeast Iowan Drift Plain 
It has already been noted that early workers in geology and soils have 
recognized that paha exist in many counties on the Iowan drift plain. 
However, there has been no special effort made to map their occurrence 
and extent in detail. From a soil genesis and classification viewpoint, 
before investigating the characteristics of soils occurring on the paha, 
it was considered that information was needed on the number, distribution 
and extent of the paha in northeast Iowa. Such information would permit 
better selection of profiles as well as sites which could be studied in 
moderate detail. 
There seems to have been some confusion among some of the earlier 
workers regarding the character of the paha. Shimek (42) points out, for 
example, t~t some of the areas referred to as paha south of Waverly 
were misnamed. An unmantled area of Kansas inlier had been misinter-
preted as Iowan and some of the Kansan ridges within the area that are 
thinly covered with loess were erroneously referred to as paha. 
For purposes of this study the paha are defined as Wisconsin loess 
capped prominences with pre-Iowan nuclei, oriented in a west-east to 
northwest-southeast direction, occurring either within the Iowan drift 
plain or along its border, and partially or completely surrounded by 
Iowan till. The term Wisconsin (37) is applied to the loess of the paha, 
because no stratigraphic divisions are found within the loess. The paha 
may contain loess increments deposited during all of the Wisconsin age~ 
but it is thought to consist primarily of Iowan loess. 
After the study was undertaken in 1948, an effort was made to record 
the location of all paha encountered in the field. Scholtes and Smith (40) 
compiled a map showing the distribution of paha they had encountered. 
through 1949. Fig. 2 illustrates the current map through 1954. Only 
those paha actually encountered in the field studies have been shown on 
the map. 
It is apparent from Fig. 2 that there are considerable numbers of 
paha scattered over the Iowan drift plain. They are much more numer-
ous in the southern portion of the area than further north. On the basis 
of the paha so far encountered it appears that Benton, Linn, and Jones 
Counties contain the bulk of the paha. However, future detailed investi-
gation will probably reveal many additional paha. 
To determine if there were many paha in any county, it was decided 
to make a detailed road traverse of two. Paha were identified in the field 
to make certain that high hills of till would· not be mistaken for paha. Ac-
cordingly, Benton and Linn Counties were arbitrarily selected for a de-
tailed traverse to determine the number of paha in the counties. Scholtes 
and Smith (40) showed a total of seven paha in Benton County in 1949. 
The soils ·maps of Benton and Linn Counties were examined for isolated 
and elongated soil type areas showing a northwest-southeast orientation. 
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.Aerial photos* for these areas were studied to determine the possible 
location of paha. From field studies it soon became evident that there 
were many additional paha which could not be located from information 
on the soils map. Consequently, it was decided that a traverse of most 
roads should be made to locate all paha and to sketch their boundaries on 
aerial photos as they _were observed in the field. Between 800 and 1000 
miles of road were traversed in Benton and Linn Counties to plot the lo-
cation of paha. As the paha occupy prominent positions on the landscape 
they were observable from considerable distances, usually 1 to 2 or more 
miles. Consequently, it was not necessary to drive each and every road 
in the county . 
.After work:ing with aerial photographs it became evident that paha are 
often indicated on photO·S by the general appearance of the pattern of the 
landscape. Clues as to the presence of paha may be obtained from aerial 
photos by conspicuous topographical features, erosional differences and 
the presence of forested areas. Paha are often evident from aerial photos 
by their distinct form and topography. The use of overlapping photo-
graphs to permit usage of a steroscope is a further aid in recognizing 
paha of topographical differences. 
The soils of the paha are usually more ernsive than the adjacent soils, 
due to their steeper slopes and lower clay and qrganic matter content. 
As a result, paha are often evident from the aerial photo by the lightness 
of the color pattern on the photo. Once erosion has removed most of the 
surface soil on a paha, the eroded area shows on the photograph as a 
light area with characteristic paha orientation. In some instances gully 
erosion may also give a clue as to the presence of paha by the large num-
ber of short deep gullies which are found on the sides of the paha. Many 
of the paha were originally covered by forest vegetation. Where the trees 
have not been removed, they often indicate paha areas. The trees follow 
the general configuration of the paha and consequently outline the bound-
aries of the paha from the surrounding area on the aerial photographs. 
After each paha was delineated on the aerial photograph it was trans-
ferred to the detailed county road map. Forty-seven paha were found in 
Benton County, and sixty in Linn County (Fig. 3). It is not claimed that 
all of the paha in the two counties have been found and plotted, but it is 
believed that the bulk· of them have been located. The area around the 
border of the Iowan drift might reveal additional paha, but this would 
necessitate detailed field work beyond the scope of this study . However, 
the number of paha mapped in Benton and Linn Counties with a detailed 
traverse, if representative of some other counties, would indicate a 
large number of paha in the state. 
Cross Section of Paha 
To compare the thickness of loess on a paha to that on the surrounding 
Iowan drift plain, a cross section of a paha was made. A paha in north-
west Grundy County was selected because it was isolated on the Iowan 
drift plain. This paha was considered to be a typical paha as to configu-
* The Benton CountJ Soil Coneenation District otfioe at Vinton loaned 
aerial photos and proTided ottice taoilitie• tor thia phase of the .tudJ• 
This aaaistance is gratefully acknowledged. 
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Fig. 3. Distribution of paha in Benton and Linn Counties 
ration and orientation. Also it was considered that a traverse of deep 
borings bisecting the paha perpendi cular to its main axis would provide 
information as to the nature of the material underlying the loess and the 
nucleus of the paha. 
Accordingly, after the paha in Grundy County was selected the writer 
with the assistance of Dr. Guy D . Smith made a traverse* of deep borings 
across the paha. The initial point was placed on the highpoint of the paha, 
designated as the bench mark, and the traverse extended along a north-
south road a distance of 700 feet north and 1500 feet south of the starting 
point. The paha was bisected at its l ee or southeastern end by the tra-
verse which extended to the level of the drift plain on the north end to the 
local high point of the drift p l ain on the south. Surface elevations were 
obtained at each boring site by using a level and elevation rod, and hori-
zontal distances were measured w i th a 100 foot steel engineering tape. 
At each boring site information was obtained regarding the surface eleva-
tion, the thickness of the loess and/or total eolian mantle, including sands 
and silts, and the nature of the materials underlying the loess. The re-
sults are shown in Fig. 4. In addition to the above information, the depth 
to carbonates was also recorded for each boring site. A log was kept of 
each boring and interpretations of a soils and geological nature were 
made. 
The core or nucleus of the paha consists of strongly weathered till, or 
gumbotil, interpreted to be Kansan in age . This has been observed to be 
the case, too, for almost all the other paha investigated to date. The high 
point of the Kansan inlier is about fifteen feet above the high point of the 
'*'l'raverse located along west edge of SW t Section 7, T 89N, R 1'7W. 
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Fig. 4. Cross section of paha and adjacent area in Grundy County, 
showing elevation, thickness of loess, and character of pre-
loess topography. 
adjacent Iowan drift on the traverse. The ground surface at the highpoint 
on the traverse is about 23 feet higher than the adjacent local high on the 
Iowan drift plain to the south and more than 50 feet higher than the sur-
face of the plain to the north. The Kansan inlier may be somewhat higher 
in the northwest part of the paha. .At the site of soil profile P-380 the 
ground surface is higher and the loess was found to be 25 feet deep. The 
deep loess mantle is not coextensive with the Kansan drift nucleus in this 
paha, but is larger. In the southeast end of the paha, the loess streams 
out onto the Iowan drift and no Kansan is visible in a road cut across the 
end of the paha. 
The cross section of this paha reveals that the loess is thickest on the 
north side or windward side. However, this does not hold true for all 
paha, and the writer has observed that most of the paha have the loess 
thickest on the lee side. 
Morphological Studies and Collection of Soil Profile Samples 
.At present there is one major soil association, the Carrington-Clyde, 
recognized on the Iowan drift plain (36). The soils which occur on the 
paha have not been designated on the soil association map due to the small 
areal extent of the paha. Riecken and Smith (36), however, have indi-
cated the location of some local accumulations of thick Peorian loess 
which possibly include pa ha in the area of Iowan drift in northeast Iowa. 
In order to study the soils which occur on the paha, profile sites were 
selected which represented the geographic distribution of the paha. Sites 
were selected near the western edge of the northeast Iowan drift plain 
{P 385), in Grundy County {P 380, P 386) and in Butler County {P 381, 
P 382 ); near the southern border in Benton County (P 384 ); near the south-
east border in Clinton County (P 383 ); and near the northeast part in Fay-
ette County (P 385 ).. The sampling sites selected were on the gently 
rounded shoulders of the paha with ab iut 3 to 6 per cent slopes. The 
profile samples were taken from pits dug in fields which were cultivated 
or in pasture or from freshly exposed roadside ditch banks. 
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All profiles selected were naturally well drained internally and exter-
nally and included soils developed under prairie, forest, and prairie-forest 
vegetation. At each profile site a pit was dug or ditch bank cut back to 
expose the soil profile in order to collect soil samples and examine the 
morphology. Detailed descriptions of the seven profiles occurring on 
paha were made. Color descriptions were made according to Munsell 
Color Standards. These descriptions are not included here because of 
their length. 
From the morphological descriptions it is evident that the soils devel· 
oped on the paha do not exhibit any increasing degree of horizon differen-
tiation that could be ascribed to geographic position from a single source 
of loess, such as is the case of soils in southwestern Iowa developed from 
loess. 
The soil profiles, P-380, P-383, P-385, and P-386 were developed 
under a prairie vegetation. Profile P-384 showed some evidence of being 
very recently vegetated by trees. Profile P-3 81 contained morphological 
evidence of having been developed under a forest vegetation for a longer 
period of time. It resembles the soils of the Downs series (1). On the 
basis of present classification it would be designated as a prairie-forest 
intergrade soil. Profile P-382 is a Gray-Brown Podzol and undoubtedly 
developed under the influence of forest vegetation. It has the same gen-
eral morphology as the Fayette series (36). 
From morphological studies it is evident that the soils sampled do not 
have well developed profiles with the strong horizon differentiation that 
is characteristic of maximal Brunizem soils (48) and Planosols (66). 
Profiles P-380, P-383, and P-385 have very weakly developed horizons 
of clay accumulation. According to the suggestions for sub Great Soil 
Group classes discussed by Thorp and Smith (62) and Smith, Allaway, 
and Reicken (48 ), these soils would probably be classified as minimal 
Brunizem soils. Profile P-381 would probably be classed as a medial 
Brunizem-Gray Brown Podzol transition or intergrade soil as it has a 
definite horizon of clay accumulation. Profile P-382 would be considered 
to be a medial Gray Brown Podzolic soil, and Profile P-384 a medial 
Brunizem soil. Profile P-386 showed an accumulation of organic matter 
but a B horizon was not present as the calcareous loess occurred directly 
below the A horizon. Therefore, it would be classed as a Regosol. The 
classification of the soil profiles into · their respective sub Great Soil 
Groups can be summarize<:! as follows: 
Soil profile 





Sub great soil group 
Minimal Brunizem 
Medial Brunizem-Gray Brown 
Podzol Intergrade 
Medial Gray Brown Podzol 
Medial Brunizem 
Regosol 
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Only three profiles sampled, namely P-381, P-382, and P-384 have 
an appreciable accumulation of clay in the B horizon. The P-384 profile 
had the highest content of accumulated clay in the B horizon of any of the 
profiles studies on the paha, and its texture profile would be comparable 
to a typical profile of the Tama series (1 ). Profiles P-381 and P-382 
had less well developed textural profiles than profile P-384. 
A striking feature of the soils developed on the paha, is their lack of 
appreciable mottlings. Other than some low contrast mottlings in one or 
two profiles, the lower horizons of the profiles appear to be quite well 
oxidized and aerated. Another feature common to the soils studied on 
the paha is the single grained massive structure of the lower profile 
horizons. Elongate cavities appeared scattered throughout these and 
frequently the material contained many fine pin:.. hole openings. 
Morphological Study of Buried Fossil Soils 
When considering the mode of formation of the paha, the fossil soils 
buried beneath the loess on the paha should be considered. A study of 
the characteristics of these buried fossil soils might throw some light 
on the relationship of such soils to the overlying loess. Therefore, in 
several road banks where the buried soil was exposed beneath the loess 
on the paha a morphological description was made. The description of 
two of the buried soils is contained in the following section. A buried 
soil on the Kansas re-entrant in Tama County was first examined to de-
termine the relationship betw.een it and the overlying Peorian loess. The 
buried soil in the Kansan area was selected in order to obtain a com-
parison between it and the overlying Peorian loess. 
Buried soil No. 1 (a fossil maximal Gray-Brown Podzol), location: north 









designation Horizon morphology 
Pale brown ( 1 OYR 6/3 moist) gritty silt loam: 
many iron and manganese concretions; weakly 
developed platy structure. 
Pale brown ( l OYR 6/3 moist) silt loam; coarse 
well developed platy structure. 
Yellowish brown (lOYR 5/4 moist) silt loam; 
weakly developed sub-angular blocky structure. 
Yellowish brown (lOYR 5/4 moist) heavy clay 
loam; sub-angular blocky to angular blocky 
structure. 
Yellowish brown (lOYR 5/6 moist) clay loam; 
sub-angular blocky structure. 
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Buried soil No. 2 (a fossil maximal Gray-Brown Podzol), location: west 








designation Horizon morphology 
Light yellowish brown (lOYR 6/4 moist) silt loam 
with considerable grit of silicaceous material; 
splotched with carbonaceous material; weak 
platy structure. 
Yellowish brown (lOYR 5/4 moist) heavy silt 
loam to light silty clay loam; weakly developed 
fine sub-angular blocky structure. 
Light yellowish brown (1 OYR 6/4 moist) heavy 
clay loam; subangular blocky structure. 
Brownish yellow (lOYR 6/6 moist) clay loam; 
fine angular blocky structure 
Morphological descriptions were made of other buried soils underneath 
the _ loess mantle of the _paha, but are omitted here. Briefly, the morph-
ology of the buried soils on the pre-Iowan core of the paha indicated that 
they ranged from maximal to medial Gray Brown Podzol and some were 
so heavily weathered as to be classed as Gray Brown Podzol - Red/Yellow 
Podzol Intergrades. At the contact zone between many of the buried soils 
and the overlying calcareous loess many pipestems and snail shells oc-
curred. 
Elevations of Paha and Iowan Drift 
Although it has been noted that the paha are prominent on the Iowan 
drift plain, there have been no quantitative measurements made of the 
differences in elevation between the paha and the surrounding Iowan drift 
plain and/or between the paha and adjacent Iowan highs of pahoid form. 
Therefore, elevations were determined on selected paha in Benton County 
a~d are shown in Fig. 5. 
An altimeter was used which designated elevation differences to twQ 
feet. At an initial low point adjacent to each paha the altimeter was set 
at 0 and positive or negative differences in elevation from the initial point 
or bench mark were recorded. After traverses of a paha were completed 
the altimeter was checked again at the initial point to determine any 
changes which might have affected the elevation readings. In general, 
the agreement in elevation readings at a given point before and after a 
traverse was made was within four feet. Traverses were made rapidly 
. to minimize errors due to change in atmospheric pressure in the locality. 
The greatest difference in elevation between the high point on a paha 
and the adjacent Iowan drift plain was .tbund to be 120 feet. In most in-
•tances the level of the Iowan drift plain was found to be about 50 feet 
below the high point of the paha. However, in some cases adjacent high 
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Fig. 5. Two of the road traverses made to determine elevations 
of paha and of the surrounding Iowa drift. 
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points on the Iowan drift plain were found to be only a few feet lower than 
the high point of the paha. In at least one instance an Iowan drift promi-
nence was found to be higher in elevation than portions of the adjoining 
paha. 
Soil Map of a Paha 
A soil map was made of a small paha in Benton County to determine 
the characteristics of the soils in different topographic positions on a 
paha. The paha selected for mapping is assumed to have been vegetated 
by prairie, as the morphology of the soil in general was that of modal 
Brunizem soils. As the soils occurring on the paha have not been clas-
sified into series, no attempt was made to classify the soils by series. 
Rather the soils were classified according to the proposals of Thorp and 
Smith (62) whereby soils of a Great Soil Group whose characteristics are 
weakly developed for the group would be considered minimal members of 
that group or sub-group. Soils whose characteristics are developed be-
yond the median for the group would be considered maximal. Other mem-
bers would than be considered medial. 
The soils on the paha were classed as to their Great Soil Group and 
their stage of development. The slope on which they occurred and the 
thickness of topsoil were also r~corded. 
The soil map (Fig. 6) shows that all of the soils on this paha could be 
included in _ the Brunizem (Prairie) Great Soil Group. No soils encountered · 
182 
R l 2W 
IO WAN 
T l LL 
WAYNE H. SCHOLTES 
- P AHA BOU N D ARY 
10' • - - - - SOIL, SLO PE a. EROS ION BO UNDA RY 
- · · -GULLY 
SO IL SYMBOLS 
e.o· "-. o' INITlA L PO INT 
Fig. 6. Detailed soil map of a paha and traverse showing elevation 
differences between paha and Iowan t i ll plain. 
oil the paha were well enough developed to be classed as maximal. The 
soils encountered on the paha were either minimal or medial Brunizem 
soils. In general, the medial soils resembled morphologically the Mar-
shall or Tama s -:>ils (36)and the minimal soils resembled morphologically 
the Monona soils (3 6 ). 
The minimal soils were usually found on the paha in the areas with the 
greatest solar radiation and/or steepest slopes. On the steep slopes geo-
logical erosion apparently was sufficiently rapid to keep the profile in a 
youthful stage. The medial soils usually were found in coves which af-
forded some protection from solar radiation and hence increased the 
amount of water available for weathering. Medial soils also tended to 
occur on more gently sloping areas where erosion was not so severe. 
In two places on the paha Kansan till was found at the surface. In one 
place this till was exposed at the head of a gully. Examination of the soil 
profile formed from the Kans_an till showed that it is a partially truncated 
profile, that is, the A horizon is very thin and rests directly on what ap-
pears to be the Bz horizon: of the fossil till soiJ. This partial truncation 
also seems to be true of the other exposures of Kansan till high on the 
ridge of the paha . It is of interest to note that Smith (47) contends that 
sites such as these severely eroded soils afforded a poor medium for 
plant growth, and consequently plant cover was sparse. and loess accumu-
lated but thinly. Perhaps the explanation for the Kansan till soil on the 
paha is that it had been truncated and provided a very . poor medium for 
plant growth and subsequent catchment of the loess. However, geologital 
erosion may have removed l oess from these areas at a more rapid rate 
to expose. the fossil till soil at the surface of the paha. Adjacent to the 
paha the loess varied from l ess than one foot to more than five feet in 
thickness i n an unpredictable pattern. 
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LABORATORY STUDIES 
Physical Studies 
Mechanical analysis. Mechanical analyses w~re made. of the seven 
soil profiles collected from paha within the area of the Iowan drift plain. 
The pipette method was used {34). Hydrogen peroxide was used to des-
troy organic matter with sodium carbonate-sodium hexametaphosphate 
{64) as the dispersing agent. Sand separations were made by sieving in 
a reciprocating shaker {24 ). Fig. 7 gives the results of _ the mechanical 
analyses. 
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Fig. 7. Distribution of particles by diameter size classes with profile 
depths of soils on paha-. 
Four of the seven profiles studies, P-380, P-383, P-385, and P-386, 
show no accumulation of clay in the B. horizon. The data indicate that 
some clay was formed in the upper horizons and did not move into the 
lower solum. Even the Regosol, P-386, showed higher amounts of clay 
in the upper portions if the profile than in the lower portions. However, 
profile P-385 showed irregular amounts of clay between horizons, which 
would be difficult to explain on any basis but differences in the material 
itself as it was deposited. 
Profiles P-381, P-382, and P-384 show some concentration of clay in 
their respective B horizons. Profile P-382 has more clay in the B than 
the other two profiles. Morphological observations of profile p:..3sz indi-
cate that considerable horizon differentiation has taken place sine e the 
initiation of soil formation. The· thin A1 surface horizon and· ashy gray 
A2 subsurfa.ce horizon are ·doubtless the result of physical, biological, 
and chemical changes .which ha~e accompanied the movement and/or con-
centration _of clay in the B horizon. 
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Profile P-384 has about 35 per cent clay in the B horizon as compared 
to about 27 per cent clay in the B horizon in profile P-382. Yet the clay 
content of the C horizon of these two profiles is within a few per cent of 
one another, being about 22 per cent for P-384 and 20 per cent for P-382. 
Differences in amounts of clay in their parent material w o uld probably 
not acc .. )Unt for the higher clay content of the B horizon in profile P-384 
as compared to P-382. It is of interest to note that the fine silt content 
is higher in profile P-384 than in profile P-382. Therefore, it is possible 
that clay formation may have proceeded more rapidly in the solum of 
P-384 than in P-382 because the parent material of the former was finer 
textured. This was reflected mostly in the content of the silt fraction (18). 
The distribution of clay with profile depth in the soils on the paha is shown 
in Fig. 7. 
All of the profiles studied contained a considerable amount of sand, 
especially in the very fine sand size of 50 to 100 microns effective dia-
meter. This is indicative of poor sorting of the material from which the 
soils on the paha developed . Compared to the loess from which soils in 
blanket loess areas developed, the soils of the paha contain less silt and 
more sand. An example of the difference in sand content between loess 





















Distance Total sand 
from source (per cent) 
Not known 27. 3 
Not known 33. 2 
Not known 33.8 
Not known 31. 8 
0 . 6 miles 18.7 
1.5 miles 21. 5 
3 . 8 m iles 0 . 8 
4 . 5 miles 2.7 
9 . 3 miles o.o 
Mechanical analyses of loess samples by Smith (47) reveal that the loess 
in Illinois even at distances very close to the source is better sorted than 
the loess of the paha . For example, the data of Smith show a total silt 
content of 78. 2 per cent at a distance of less than a mile from the flood-
plain source of the loess . At a distance of 4. 5 miles from the floodplain, 
he found an 89. 5 per cent silt content; at a distance of 14. 7 . miles, 90 per 
cent silt; and at a distance of 24. 2 miles, 90 . 6 per cent silt . The only 
appreciable amount of sand h e found was 18. 7 per cent at 0. 6 miles from 
the source and 21. 5 per cent at 1. 5 miles from the source. Beyond 4. 5 
miles from the source he found no sand in the loess. It is of interest to 
note that Smith's data show the loess in Illinois is well sorted and con-
tains sand only a relatively short distance from the source. The high 
content of sand in the soils on the paha may indicate that the loess origi-
nated very locally. Scholtes ·and Smith (40) postulated a movement of the 
paha loess material as sand-sized aggregates of silt, clay, and sand to 
explain the poor sorting found in soils on the paha. This does not mean, 
however, that the finer textured material carried into the atmosphere 
would not also accumulate around the vegetation providing lodgement on 
the paha. 
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Volume weight. Volume weight samples of representative horizons 
were obtained in triplicate at the time the soil profiles were sampled in 
the field. A steel ·cylinder with a sharp, tapered cutting edge was in-
serted vertically into the soil layer to be sampled in a careful manner so 
that disturbance of the natural soil structure would be kept to a minimum. 
The cylinder was freed by excavation, the outer surface cleaned, and 
metal cutters inserted into the slotted sidewalls confining a definite vol-
ume of soil.* The samples were reweighed after drying and the volume 
weight calculated** on an oven dry basis. The data, which represent 
the averages of the three determinations are presented in Table 1. 
An examination of the data in Table 1 reveals an increase in volume 
weight with depth in most of the profiles. For example, P-384 increases 
from 1. 26 volume weight in the surface to 1.44 at 36 to 41 inches; P-381 
increases from 1.37 in the surface to 1.49 at 28-36 inches and P-385 
increases from 1. 26 in the surface to 1. 3 9 at 3 0 to 3 6 inches. Such dif-
ferences are greatest in the surface horizons where the volume weight is 
lowest, and these differences gradually decrease with depth. Organic 
agents both living and dead are probably the most important factors re-
ducing the volume weight of the surface horizons. 
There is a general relationship of higher volume weights for the dif-
ferent soil horizons of the forest-derived soils of the paha than for the 
prairie-derived soils. This relationship also is true for the Fayette silt 
loam, No. 16, versus the Tama silt loam, P-27, as the volume weights 
of the forest-derived Fayette soil are higher than those of the prairie-de-
rived Tama soil. A comparison of the volume weights for the Brunizem 
soil on the paha, profile P-383, and the Tama silt loam, profile P-27, 
shows that there is little difference between the two soils. The Gray-
Brown Podzol soil on the paha, profile P-382, was also found to be very 
similar to the Fayette silt loam profile No. 16. 
In addition to the seven soil profiles occurring on paha, a Tama soil 
profile from Tama County, a Fayette soil profile from Jackson County, 
a calcareous loess sample from Marshall County, a calcareous oxidized 
till sample from Marshall County and a calcareous unoxidized till sample 
from Marshall County were sampled for volume weight determinations 
for comparative purposes. Both the Tama and Fayette profiles showed 
an increasing volume weight with depth. 
Other investigators (72) have shown that volume weight is not ~onstant 
but varies with the season and moisture content at time of measurement. 
A study of the variations reported by these investigators shows that vol-
ume weight usually, but not always, varies inversely with moisture con-
tent. However, variations due to moisture content can be avoided by 
sampling the soils at field capacity. The soils on the paha were all sam-
pled at their approximate field capacities. 
~Calculated as follows: Cylinder #1: Volume =~r2h • 
3.1416 (3.6 cm)2(6.4 cm) • 260.45cc. Cylinder #2: Volume• 
11r2h • 3.1416 (3.5cm)2(6.35cm) = 244.25cc. 
*tlyolume weight : Wt. oven dry soil 
Wt. equal volume of water 
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Porosity. In addition to the three volume weight samples, four small- ' 
er porosity soil samples (volume = 57. 75 cm3) from representative hori-
zons were obtained at the same time the profiles were sampled. 
The sleeves containing core samples for porosity determinations were 
saturated and then placed on a moisture plate at a tension of 40 cm. 
Baver (8) and Nelson and Baver (2 9) state that the mo sture removed 
under a tension of 40 cm. is a reliable estimate of noncapillary porosity 
(the term noncapillary porosity" is now known as aeration porosity) of the 
soil. At the end of 24 hours the core samples were removed, weighed, 
resaturated with distilled water, their permeability determined, oven 
dried for 3 6 to 48 hours, and weighed for the last time. From the data 
obtained, the aeration, capillary porosities and total porosities, and vol-
ume of soil solids were calculated . The average results of the four de-
terminations for each horizon expressed on a volume basis are presented 
in Table 2. 
Table 1. Volume weights, aeration and capillary porosity data of seven 
soil profiles on paha, Tama profile, Fayette profile, and several 
loess and till samples. 
Depth · Horizon Volume Porositl in Eercent Soil 
(inches) designation weight Aeration Capillary Total Solids 
~ (Minimal Brunizem) 
2-5 An 1.38 10.0 37.8 47.8 52.2 
12-18 Bn 1.32 16.9 33 •. 3 50.2 49·.8 
18-24 12 1.29 .17•2 34 .1 51.3 48.7 
30-36 c12 1.38 n.o 36.9 47.9 52.l 
~ (Medial Brunizem-Gray Brown Podzol Intergrade) 
2-6 An 1.37 7.3 41.0 48.3 51.7 
6-9 A3B1 1.32 10.l 40.1 50.2 49.8 
9-12 B21 1.42 6. '7 39.3 46.0 54.0 
17-22 . B23 1.42 5.4 40.8 46.2 53.8 
28-36 B32 1.49 4.6 39.l 43.7 56.3 
P-382 (Medial Gray Brown Podzol) 
4-10 A2l. l..34 7.7 40.1 47.8 52.2 
14-18 B21 1.44 6.2 39.5 45.7 54.3 
24-30 B31 1.49 8.5 35.l 43.6 56.4 
36-42 B33 1.44 6.7 39.l 45.8 54.2 
~ (Minimal Brunizem) 
2-7 A1g 1.35 10.7 38.5 49.2 50.8 
12-15 -A3 1 1.20 6.2 38.5 54.7 45.3 
18-22 Bu 1.19 1'7:'7 3'7.5 55.2 44.8 
26-30 B13 1.21 17.3 38.l 55.4 44.6 
36-40 C12 1.32 10.5 . 40.8 51.3 48.7 
Table l(Cont'd) 
Depth Horizon Volume Porositi in Eercent Soil 
(inches) designation weight Aeration Capillary Total Solie 
~ {Medial Brunizem) 
4-9 A3Bl 1.26 11.5 40.8 52.3 47 .~ 
9-13 B11 1.31 12.3 38.l 50.4 49.E 
16-21 B21 1.35 11.l 38.l 49.2 50 .~ 
26-31 B23 1.40 11.5 36.5 47.0 53.C 
36-41 B32 1.44 4.4 40.l 45.5 54.f 
53-60 B35 1.41 6.7 39.8 46.5 53.f 
P-385 {Minimal Brunizem) 
2-5 A1~ 1.26 16.8 35.6 52.4 47.E 
8-11 A3 l 1.14 21.4 35.5 56.9 43.: 
18-24 B12 1.25 17.9 34.8 52.7 47 .; 
30-36 012 1.39 12.3 35.4 47.7 52.: 
42-48 C14 1.37 9.4 38.9 48.3 51.' 
~ (Regosol) 
4-8 A12 1.07 18.4 36.8 55.2 44.l 
13-19 0 ca 1.21 15.3 36.5 51.8 48.: 
25-31 Cea 1.25 16.7 36.1 52.8 47.: 
37-47 Cea 1.37 4.8 43.4 48.2 51.1 
~~ 
6-9 Ale 1.05 22.2 38.l 60.3 39.' 
12-15 A3 1 1.26 14.8 37.7 52.5 47. ! 
21-24 B21 1.26 11.6 41.0 52.6 47.· 
33-36 B22 1.35 9.0 39.9 48.9 51. : 
42-45 B31 l.34 8.5 41.l 49.6 50.· 
P-16 Faiette 
2-5 A21 1.24 18.2 35.l 53.3 46. ' 
12-15 B11 1.30 14.3 36.8 51.l 48. 
21-24 B12 1.45 9.1 36.l 45.2 54 • . 
30-33 B13 1.48 6.6 37.9 44.5 55. 
39-42 B21 1.47 4.5 39.7 44.2 55 • . 
Depth Volume Porositi in Eercent Soi: 
{inches) weight Aeration Capillary ~otal Soll 
Marshall Connty Loess, 
Loess 6' 1.52 .9 41.9 42.8 57. 
Oxid. till 16 1 l.61 6.0 33.2 39.2 60. 
Unoxid. till 28 1 1.67 1.0 36.l 37.1 62. 
(187) 
Table 2. Permeabilities of seven soil profiles on paha, Tama 
profile, Fayette profile, and several loess and till 
samples from Marshall County, and several loess 














































Depth Horizon Permeabilit coefficient 
(inches) designation cm sec inches hr inches 
(Medial Brunizem-Gray Brown Podzol Intergrade) 
2-6 A1~ . 0012 1.71 41. 
6-9 A3 1 .0021 2.98 72. 
9-12 B21 ,008 11.33 272. 
17-22 B23 .0010 1.42 34. 
28-36 B32 .0015 2.13 51. 
P-382 (Medial Gray Brown Podzol) 
4-10 A21 .032 45.36 1089. 
14-18 B21 .0009 1.28 30.7 
24-30 B31 .0015 2.13 51. 
36-42 B33 .0059 8.29 199. 
~ (Minimal Brunizem) 
2-7 A1~ • 0054 7.65 184 • 
12-15 A3 1 • 0124 17.5 420 • 
18-22 Bu • 0254 35.9 862 • 
26-30 B13 • 0162 22.89 549 • 
36-40 C12 • 0032 4.54 109 • 
p 384 (Mec{ial Brunizem) 
4-9 A3B1 • 0019 2.69 65 • 
9-13 Bu .0078 11.06 265. 
16-21 B21 .0029 40.39 969. 
26-31 B23 • 0084 11.84 284 • 
36-41 B32 .0078 10.98 264. 
53-60 B35 • 0011 1.49 36 • 
~ (Minimal Brunizem) 
2-5 A1~ .0798 113.04 2713. 
8-11 A3 1 .0218 30.83 740. 
18-24 812 .0028 3.97 95. 
30-36 C12 .0047 6.59 158. 
42-48 C14 .0200 28.35 680. 
p 386 (Regosol) 
4-8 A12 .0325 46.01 1104. 
13-19 c~a • 0258 36.5 876 • 
25-31 C~a .0041 5.81 139. 
37-47 Cea .0014 1.91 46. 
l..__gz Tama silt loam 
6-9 A12 .0204 28.91 694. 
12-15 A3 B1 .0162 11.48 275. 
21-24 B21 .0036 5.03 121. 
33-36 B22 .0850 12.05 289. 
42-45 B31 .0098 13.89 333. 
Fayette silt ~ -~ County 
2-5 A21 .0103 14.53 349. 
12-15 Bu .0003 .43 10. 
21-24 B12 .0212 29.98 720. 
30-33 B13 .0094 13.32 320. 
39-42 B2l .0004 .57 14. 
Loess ,!!! ~ County 
6' below surface loeas .0031 4.32 104. 
16 1 calc. ox id. till .0004 .57 13.7 
28 1 calc. unoxid. till o. o. o. 
( 188) 
~~ 
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Per cent total porosity 
or 
Per cent total porosity 
Per cent soil solids 
Per cent capillary porosity 
Per cent aeration porosity 
Vol. of ring - Wt. of soil 
density of soil 
Vol. of ring 
volume weight 
real specific gravity 
100 '% - per cent total porosity 
x 100 
x 100 
Volume of water lost in oven (105 •c) 
after core sample had been subjected 
to 40 cm of water tension 
Vol. of brass ring 
Total porosity - capillary porosity. 
1S9 
The data in Table 1 indicate in general a decre~sing aeration porosity, 
an irregular capillary porosity tending somewhat to increase, decreasing 
total porosity, and increasing soil solids with increasing profile depth of 
the soils occurring on the paha. In contrast, the Tama and Fayette soil 
profiles exhibit a uniform increasing capillary porosity and decreasing 
aeration porosity with increasing profile depth. The soils occurring on 
the paha have a more irregular distribution of aeration and capillary 
porosity compared to other soils (19, 66) in Iowa developed in blanket 
loess areas. 
The general trend in the initial stages of formation of a profile like 
P-384 from the parent loess on the paha is an increase in aeration poro-
sity and total porosity, and a decrease in soil solids. Profile P-384 
appears to be more highly developed than the other soils sampled on the 
paha, and possibly represents a developmental stage which will be reached 
in the future by the other prairie-derived profiles, provided, of course1 
that other factors of soil formation are equal. 
The calcareous loess and till samples from Marshall County show 
very low aeration porosity values and high amounts of soil solids. This 
would be anticipated from the high volume weight figures for these sam-
ples. 
Permeability. As previously mentioned in the section under porosity, 
the permeability of the four small soil samples was measured. The 
procedure used is the same as used by Ulrich (66) and Hunter (19 ), and 
closely follows that described by Wilson, Riecken, and Browning (71). 
The average values of the four samples from each·horizon of eachprofile 1 
plus the deep loess and till samples are presented in Table Z. No per-
meability data are given for profile P-380 because of damage to these 
samples by insects in the laboratory. 
The permeability values presented in Table Z should be interpreted on 
a qualitative rather than a quantitati.;·e basis. Considerable variation 
from sample to sample within horizons was the rule rather than the ex-
ception. The data show the prairie-derived soils on the paha to have a 
somewhat greater permeability throughout most ' of the profile than the 
forest-derived soils on the paha. The variability of the data is so great, 
however, that no conclusions can be reached regarding the significance 
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of the differences. The Gray-Brown Podzol on the paha, profile P-382, 
has permeability values which decrease to a minimum in the A 2 horizon. 
The Fayette silt loam, profile No.16, also has lowest permeability values 
in the Az horizon. Although these two forest-derived soils have permea-
bility values which have a somewhat similar trend with depth in the pro-
file, no conclusions as to differences between them can be reached on the 
basis of the permeability data. The prairie-derived soil on the paha, 
P-383, and the prairie-de~ived soil on blanket loess, Tama silt loam, 
profile P-27, both have rather high permeability values throughout their 
respective profiles. The permeability data for these soils does not serve 
as a basis for determining soil differences which may exist. 
To standardize permeability measurements (49) cores which contained 
worm holes or root channels were discarded. 
The results reported in Table 2 are based on the following formula: 
where: Q = quantity of water in ml/sec 
L = length of core in cm (3. 8 cm) 
H = hydrostatic head in cm (5. 0 cm) 
A = cross-sectional areas in sq cm (3. 14 x 2. 22 = 15. 20 cm2 ) 
K = permeability coefficient per unit hydraulic gradient. 
Rearranging: L Q K = "'Ii:A""" 
and: K(cm/sec} = 3. 8 
(5. 0) (15. 20) 
(3.8) (3600) K(in/hr) 
(5. 0 ( 15. 2 0 (2. 54) 
K(in/day) =(Kin/hr) (24) 
Q = o. 05 Q 
Q=70.87Q 
Other investigators (8) have shown a correlation between aeration 
porosity and permeability. Ulrich ( 66) and Hunter ( 19) report from their 
studies that decrease in permeability was accompanied by a decrease in 
aeration porosity and an increase in clay accumulation. It is probable 
that there is a range of optimum clay content for favorable structure and 
maximum permeability. In some cases the clay content may · not be suf-
ficient for the most favorable structure and aggregation. This may ex-
plain low permeability values for soil horizons with low clay content such 
as are found in some of the soils on the paha. Another factor which may 
have considerable influence on soil permeability, is the presence in the 
soil of insects, worms, burrowing animals, and crotovinas. It has been 
observed that the soils of the. paha contain many insects and animals, all 
of which doubtless influence the permeability of the soils on the paha. It 
should be noted that the permeability method used in this study may not 
actually indicate the true permeability of the soil under field conditions. 
It is possible that some of the low permeability values obtained for sub~ 
soil horizons may be a result of a breakdown or puddling of the structural 
aggregates where the water is introduced into the soil core. Such a 
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puddling effect could result in lower permeability values which would not 
be a reflection of the true permeability of the soil under field conditions. 
With the exception of profile P-384, the soils on the paha have weakly 
developed structure. However, the Tama and Fayette soils developed in 
blanket loess that were sampled conformed to Ulrich's (66) observation 
and contained minimum permeability in the zone of maximum clay ac-
cumulations, the B 2 horizon. 
The high permeability of the surface horizons seems to be correlated 
with the virgin condition. In cases where the permeability of the surface 
is very high, the soil profile was obtained from virgin areas. In such 
areas the abundance of roots and worm holes made it impossible to select 
cores which did not contain channels of one sort or another. 
Chemical Studies 
Soil reaction or pH. The pH of the samples was determined by use of 
the glass electrode and the results are shown in Table 3. 
With the exception of one horizon in profile P-.383 and the entire pro-
file P-386, each profile was acid in reacti.Jn in all of its horizons. The 
soils on the paha were more acid in the surface horizons than in the B 
horizons in some instances, but in others the surface layers were less 
acid than the B horizons. In general, the soil horizons became less acid 
at depths of 3 6 inches than the horizons above. .Advancing profile develop-
ment seems to accompany increasing soil acidity. For example, profiles 
P-381, P-382, and P-384 were more acid throughout their profile depth 
than the other soils on the paha. These three profiles were the only ones 
sufficiently well developed to be classed as medial for their respective 
Great Soil Groups. P-38lreachedaminimum pH of 5.1at17 to 22 inches 
in depth, P-382 a minimum pH of 5.3 at 18 to 30 inches in depth, and 
P-384, the most well developed of all the profiles, reached a minimum 
pH of 4. 9 at a depth of 26 to 31 inches. However, profile P-385 is not 
well developed and yet is more acid than profile P-3 84. This is difficult 
to explain on any basis other than possible differences in lime content of 
the parent material when it was deposited. Most of the profiles are most 
acid in the B horizon, but profiles P-383 and P-385 are the exceptions to 
this, being most acid in the .A horizons. 
There are no consistent differences in pH between the Brunizem soils 
and the Gray-Brown Podz :il soils on the paha. Some of the Brunizem soils 
have higher pH values throughout their profile than the forest-derived 
soils. On the other hand, some of the Brunizem soils have pH values 
equally low or lower than the forest-derived soils. The Tama silt loam, 
profile P-27, has higher pH values throughout the · entire profile than does 
the Fayette silt loam No. 16. The greatest differences in pH between the 
two soils occur in the lower portion of the .A horizon and the upper portion 
of the B horizon. For example, in the .A 2 horizon of the Fayette soil the 
pH is 4. 6 compared to a pH of 5. 3 in the .A3 horizon of the Tama soil. 
However, as profile depth increases the pH differences become smaller, 
and the pH is about the same at depths of 60 inches or more . 
.Available phosphorus and potassium. .Available phosphol'us was deter-
mined by a modification of the J3ray No. 1 method and available potassium 
by use of the sodium perchlorate method. These methods are currently 
being used by the Soil Testing Laboratory, Iowa State College, .Ames. 
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The result of the P determinations, shown in Table 3, indicate con-
siderable variability as to available P in the soils occurring on the paha. 
Profile P-380 shows a very low supply of available P in the upper hori-
zons. Profiles P-381, P-383, P-384, and P-386 are low in Pin the upper 
horizons. Profiles P-382 arid P-385 are medium in the upper horizons . 
All the soil profiles sampled on the paha would require applications of P 
for maximum production of corn, small grain, and legume crops. 
The results from the available K determinations, given in Table 3, of 
the soils on the paha indicate a ·rather low level of available K for all but 
one horizon of one soil, the surface horizon of P-384. Profile P-383 is 
very low in available K throughout the entire profile depth. 
Recent data: of the Soil Testing Laboratory at Ames for 940 samples 
tested from Blackhawk County showed that only 16. 3 per cent of the sam-
ples had a medium-high or high amount of available potassium.- Data for 
Table 3. pH and available phosphorus and potassium of seven 
soil profiles on paha. 
Depth Horizon Available P, Available K, 
(inches) designation pounds/acre pounds/acre pH 
~ (Minimal Brunizem) 
2-5 An 2.0 165 5.95 
5-9 A1~ 1.0 160 6.1 
9-12 A3 1 1.0 165 6.3 
12-18 B11 2.5 160 6.3 
18-24 B12 18.0 170 6.25 
24-30 C11 15.0 160 6.25 
30-36 C12 19.0 160 5.95 
f.:.§fil. (Medial Brunizem-Gray Brown Podzol Intergrade) 
0-6 A1~ 3~5 175 6.35 
6-9 A3 1 4.5 120 6.1 
9-12 B21 4.0 125 5.a 
12-17 B22 3.5 110 5.45 
17-22 B23 2.5 105 5.1 
22-28 B31 9.5 105 5.35 
28-36 B32 26.5 uo 5.45 
36-48 Cu 51.0 125 5.6 
P-382 {Medial Gray Brown Podzol.) 
0-4 An 8.5 160 6.5 
4-10 A.21 9.0 100 5.7 
10-14 Bu 7.5 140 5.4 
14-18 B21 9.5 140 5.4 
18-24 B22 12.0 145 5.3 
24-30 B31 29.5 160 5.3 
30-36 B32 37.0 150 5.35 
36-42 B33 42.0 125 5.45 
42-48 C11 33.0 150 5.6 
48-60 C12 19.0 115 5.8 
Table 3 ( Cont'd} 
Depth Horizon Available P, Available K, 
(inches) designation pounds/acre pounds/acre pH 
~ (Minimal Brunizem} 
2-7 Au 6.5 110 5.65 
7-12 A1~ 4.0 95 5.9 
12-15 A3 1 3.5 85 6.2 
15-18 A3Bl 3.5 105 6.05 
18-22 Bll 4.5 105 6.45 
22-26 B12 5.0 105 6.4 
26-30 B13 7.0 110 6.45 
30-36 Cu 7.5 85 6.5 
36-40 C12 12.0 95 6.6 
40-50 C13 12.0 85 6.6 
50 ..... Cea 3.0 85 8.4 
~ (Medial Brunizem) 
0-4 A1~ 4.0 400 5.8 
4-9 A3 1 2.0 200 6.35 
9-13 Bu 6.5 220 6.15 
13-16 B12 4.0 210 6.05 
16-21 B21 1.0 160 5.2 
21-26 B22 3.5 140 5.15 
26-31 B23 19.0 160 4.95 
31-36 B31 25.0 130 5.2 
36-41 B32 45.0 140 5.2 
41-47 B3C1 42.0 130 5.5 
47-53 B3C1 26.5 130 5.6 
53-60 B3C1 29.5 115 5.7 
~ (Minimal Brunizem) 
2-5 An 8.0 225 5.0 
5-8 A1S 18.0 200 4.8 
8-11 A3 1 21.0 210 4.8 
11-14 A;sB1 2.5 130 5.6 
14-18 B11 5.0 175 5.45 
18-24 B12 19.0 200 5.25 
24-30 Cn 24.0 125 5.7 
30-36 C12 29.5 240 5.7 
36-42 C13 26.5 150 5.95 
42-48 C14 24.0 200 6.05 
P-386 (Regosol) 
0-4 An 4.5 170 7.6 
4-8 Al~ 2.0 140 7.8 
8-13 A3 ca l.O 70 0.0 
13-19 Cea 1.0 65 a.o 
19-25 Cea 1.0 130 a.1 
25-31 0 ea 1.0 75 8.1 
31-37 Cea 1.0 110 8.25 
37-47 0ea 1.0 90 8.3 
( 193) 
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samples from Clayton County showed 29. 5 per cent of 1518 samples tested 
had an available potassium content of medium-high to high. Tama County 
data showed 56. 1 per cent of 262 samples tested had a medium-high or 
high content of available potassium. The soils in Blackhawk County are 
mostly derived from Iowan glacial drift whereas the soils in Clayton 
County are derived mostly from Wisconsin loess as are the soils in Tama 
County. 
The rating of available potassium content by the Soil Testing Labora-
tory is as follows: 
Rating 













From the data on the soils of the paha it is evident that they approxi-
mate rather closely the available potassium content of the Iowan glacial 
drift-deriv~d· soils or the Wisconsin loess-derived soils from northeast 
Iowa. Profile P-384 would rate high as to available potassium content, 
P-385 as medium-high, P-380, P-381, P-382, and P-386 as medium, 
and P-383 as low. The available phosphorus and potassium data show 
that there are no consistent differences between the forest-derived soils 
and the prairie-derived soils on the paha. 
It is of interest to note that the available potassium content of the sur-
face soils on the paha seems to be most similar to the Iowan glacial drift-
derived soils or the Wisconsin loess-derived soils of northeast Iowa. 
They seem to be much lower on the average in available potassium than 
are the loess-derived soils of southeast Iowa. It is recognized that the 
number of observations of soils on the paha is too small to permit draw-
ing any definite conclusions. 
Most of the samples tested by the Soil Testing Laboratory at Ames are 
from cultivated fields. However, some samples from permanent pastures 
which have been tested show that pasture or virgin areas tend to give 
higher amounts of available potassium by as much as 100 pounds or more 
for comparable soils. As only one profile, P-386, was sampled in a 
cultivated field, it seems reasonable to expect that the available potas-
sium contents for the soils on the paha might be even lower had they been 
secured from cultivated fields. Thi s may be tak en as further evidence 
which might help substantiate the contention that the loess of the paha 
originated locally from the adjacent Iowan drift p l ain and is not the same 
as the loess of southeast Iowa. 
The available K figures seem to indicate again that profile P-384 is 
considerably different from the other soils found on the paha. Profile 
P-384 show s _.m.ore development than the other profiles sampled and also 
other profiles observed on the paha. :J.ilerhaps this profile is the result 
of local accumulation of loess which was higher in finer material, silt 
plus clay, and lower in sand than was the case for the loess of the other 
PAHA LOESS-DERIVED SOILS IN IOWA 195 
paha. No data are available, however, from this study to draw any con-
clusions as to the reasons for the existing differences. 
Exchangeable · cations. In order to study further the relationship be-
tween commonly occurring prairie- and forest-derived soils on the paha 
and prairie- and forest-derived soils developed from blanket loess, the 
exchangeable hydrogen, calcium and magnesium were determined on 
. selected horizons of two soil profiles developed from loess on paha by 
methods outlined by Black ( 9 ). Similar data for the Tama series (48 ). 
P-27, and a profile of the Fayette series (69) were already available. 
· Samples obtained from the same two locations were used in this study 
for measurements of porosity, volume weight, and permeability. 
Exchangeable calcium as shown in Table 4 is high in the A 1 horizon of 
both prairie- and forest-derived profiles. It increases in the B horizon 
and becomes as high or higher in the C horizon as it is in the A horizon. 
For example, the Tama silt loam profile P-27, has 11 .. 3 miiliequivalents 
of exchangeable calcium in the A 1 horizon, 15. 0 in .the Bz horizon, and 
13 .4 in the C horizon. The exchan.geable calcium content of the prairie-
derived soil on the paha, profile P-383, is very similar to that of the 
Tama soil. The Fayette silt loam profile No . 16 has 8. 2 milliequivalents 
of calcium in the A1 horizon, 1. 9 in the Az horizon, 8. 3 in the B 2 horizon, 
and 10. 5 in the C horizon. Profile P-382, the forest-derived soil on the 
paha, has a similar trend of exchangeable calcium content with profile 
depth except that it has somewhat greater amounts of exchangeable· cal-
cium in comparable soil horizons. It has 8. 87 milliequivalents of ex-
changeable calcium in the A1 horizon, 5. 6 in the A2 horizon, 8. 96 in . the 
B 2 horizon, and 9. 84 in the C horizon. The exchangeable magnesium 
content is lower than the exchangeable calcium content in all profiles of 
the soils studied. The exchangeable magnesium content is lowest in the 
A horizons of the prairie- and forest-derived soils on _the paha. and the 
Tama silt loam, P-27, and increases with profile depth. The Fayette 
silt loam profile No. 16 decreases from an exchangeable magnesium con-
tent of 4. 1 milliequivalents in the surface to 1. 3 in the upper B horizon 
and then increases to 5 .1 in the C horizon. Exchangeable hydrogen in the 
two forest-derived profiles, P-382 and the Fayette silt loam . No. 16, is 
least in the A 1 horizon and increases with depth to the C horizon where 
it again decreases. In prairie-derived profiles the greatest amount of 
exchangeable hydrogen is in the A1 horizon, gradually decreasing to a 
small amount in the C horizon. 
The per cent base saturation and the ratio of exchangeable calcium to 
magnesium is similar for the forest-derived soil profile of the paha and 
Fayette silt loam No.16. Likewise the per cent base saturation and cal-
cium to magnesium ratio of the prairie-derived profile of the paha and 
the Tama silt loam P-27., are similar. A lowered exchangeable calcium 
to magnesium ratio has sometimes been suggested as a criteria of more 
intense or advanced· soil weathering (10 ). However, the differences of the 
exchangeable calcium to magnesium ratio between any of the profiles 
listed in Table 4 are small. From this it may be inferred that the chemi"' 
cal and mineralogical weathering for the soils is at about the same stage. 
More information is needed as to the significance of differences in chemi-
cal properties between soils before the differences such as were found 
between the soils of the paha and soils of the blanket loess areas can be 
correctly evaluated. 
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Table 4. Exchangeable H, Ca, Mg, Ca/Mg ratio, and base saturation of 
selected layers of two paha lees s -derived soils and a profile 























































































































































Although the presence of paha has been recognized for more than 70 
years (27), no coordinated effort had been made to chart their frequency 
and distribution. They have been studied and discussed by earlier 
workers as geological phenomena of interest primarily because of their 
peculiarities. The explanation has been sought for their origin, topo-
graphy, orientation, distribution, intrinsic composition, and character-
istics in general. Until recently, soils workers attached no special sig-
nificance to paha as regards classification or genesis ,f soils occurring 
on them. 
To determine the importance of the paha to soil classification, it was 
considered necessary to add to the knowledge of their distribution. Map-
ping of the paha, in reconnaissance, demonstrated they they are ·more 
widely distributed than had been . fo;~erly thought. More than 160 paha 
have been located during the field phases of this study and their distribu-
tion within the Iowan drift borders is illustrated in Fig. 2. Doubtless, 
detailed traverses in the field would reveal considerable numbers of ad-
ditional paha. From field observations the writer believes that there are 
also paha in the Iowan drift area of northwest Iowa. However, charting 
their distribution would entail some effort because the blanket loess is 
quite thick in-the area. Recognizing the distribution of paha in this area 
is also not of such importance as in northeast Iowa where the loess is 
thin or absent in the areas adjacent to the paha. The writer has also ob-
served paha in considerable numbers on the Iowan drift · in Illinois and 
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Minnesota. The results of this portion of the study indicate that paha 
are numerous enough to warrant attention from the aspect of soil classi-
fication and soil management. 
The traverse of deep borings made across an isolated paha in Grundy 
County illustrated the relationship of the loess thickness on the paha to 
the loess thickness on the Iowan till. On this particular paha the thick-
ness of eolian material was uniform from the crest of the paha to the 
lower portion of the slope whereas it thinned rather rapidly from the 
crest to the foot of the slope on the south side. The. Iowan till was en-
countered beneath the loess at about the same depth on each side of the 
Kansan till nucleus of the paha. The Kansan till nucleus was found to 
contain a buri.ed fossil soil on i ts surface with a sequence of normal hor~-=.. 
zons, possibly an intergrade between Gray Brown Podzol and RedPodzol. 
In one location the Iowan contained an incorporatedKansan till "boulder", 
indicating a possible plowing and- scouring of a portion of the Kansan high 
by the Iowan glacier. It is inte r preted here that the presence of the buried 
fossil soil with its complement of normal hori~ons on the Kansan till 
high indicates that the Iowan glacier did not override the Kansan till at 
that place. An overriding of the Kansan nucleus by the Iowan glacier 
would likely have resulted in plowing or disturbing the normal soil pro-
file formed on the Kansan till. Furthermore , no fresh till was encoun~ 
tered above or in the surface of the buried Kansan till-derived soil here, 
or in the buried soil nucleu s of other paha, as might have been expected 
had the Kansan been overridden . No fresh pebbles of any kind were en-
countered either immediately below the loess or in the surface of the 
buried Kansan till-derived soil. 
The loess on the Iowan till in the immediate vicinity of the paha was 
found to be thin, averaging about 2 feet thick. Although this situation by 
no means holds true for all the paha, more often than not the loess adja-
cent to the paha is of this order of thickness, namely 1-3 feet. 
The high point of the Kansan nucl eus is only about 15 feet higher than 
the highest point of the surface of the adjacent Iowan till. This repre-
sents a very small prominence in elevation not to have been overridden 
by the Iowan glacier. However, no measurement is available of the thick-
ness of the Iowan till adjacent to or at some small distance, say 100 to 
500 feet, from the paha. Therefore, the Kansan prominence may have 
been rather high in relation to this pre-Iowan surface some distance away 
from the present recorded Kansan till nucleus. Consequently, the height 
of the Iowan drift on the side of the Kansan nucleus may still represent a 
considerable thickness of I ONan till. The Iowan till reposing at the same 
elevation on both sides of the Kansan nucleus may· be a further indication 
that the Iowan ice moved around the Kansan prominence and did not over-
ride it: 
The proplem of the paha from geological aspects has been recognized 
(33) as composed of two parts, namely, the origin of the till nucleus and 
of similar pahoid hills with no loess;· and the origin of the loess cap. 
Concerning the former, an attempt was made to determine the compara-
tive elevations of paha to hills of similar shape and elevation, and to the 
Iowan drift plain. The results pbtained from traverses with an altimeter 
reveal in some instances high points on the Iowan drift which are only a 
few feet below high points on a paha. Doubtless the height of the Iowan 
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drift (Fig. 5) is greater in these instances than that of the pre-Iowan 
nucleus when the thickness of loess on the paha is deducted from the 
total elevation. In other instances, which are the most common·, the 
elevation of the paha will be higher by 20 to 50 feet or more than adjacent 
hills of pahoid form which have little or no loess as in Figs .5 and 6. In 
all instances observed in the field the pahoid hills with no loess or only 
a small amount comparable to that found over the pebble band on the ad-
jacent Iowan drift plain. Wherever the paha have been observed in this 
study, the material was always found to be a pre-Iowan material that 
showed no evidence of having been overridden by the Iowan glacier. The 
nuclei have almost invariably been of Kansan till, but a few paha have 
been found to have rock nuclei upon which is found a residual soil. 
The writer recognizes the conflict between his views and the views of 
many Pleistocene geologists regarding the formation of paha and the 
thickness of glacial ice. On May 11, 1952, the writer led a field tour of 
the midwest section of the Friends of the Pleistocene. This group is 
composed of Pleistocene geologists i:Q. the midwest who meet once a year 
to examine in the field the research evidence of people working on geolo-
gical problems. Upon examination of the evidence in the field, the group 
generally accepted the relationship of the loess to the underlying weath.-
ered core, the eolian origin of the loess, and the absence of fresh mate-
rials upon the weathered pre-Iowan soil. 
However, considerable resistance was encountered to the hyp.othesis 
that the paha were formed because of pre-Iowan highs not overridden by 
the Iowan ice. It was contended that in order for glaciation to have oc-
curred, the ice must have been thick enough to override any local Kansan 
highs. 
In answer to the above objection the writer brings forth these ·points: 
(A) the presence of Kansan re-entrants into the Iowan area, like that in 
Linn and Benton Counties, are due to the higher elevation of the Kansan 
drift plain and the failure of the Iowan ice to override these highs,* 
(B) the paha are concentrated in the border areas of the Iowan drift where 
the ice was thinner than within the drift sheet (Fig. 2), (C) no fresh till 
or pebbles are encountered on the pre-Iowan soils of the. paha core. 
It has already been pointed out that other points become difficult to 
explain, such as adjacent highs of Iowan till with no loess accumulation 
arid high areas of deep loess with no Iowan till present. This can be ex-
plained, however, if one accepts the possibility that the glacial ice was 
not of unifbrm thickness everywhere and that some high points were not 
overddden by the ice. The presence of. the large Kansan re-entrants 
represents, in the opinion of the writer, what has happened on a large 
areal scale, while the origination of the paha represents the same mech-
anis~ on a small sc.ale. 
*'!'he problem ot explaining the Iowan salients is one Jl!&DY geologists pose 
when the Iowan is referred to as 'thin' ice. These salients, the pebble 
band, the paha, and many other features ot the Iowan are anomalies which 
have perplexed geologists tor years. The writer attempts to explain only 
the origination ot the paha and their associated soils, leaving it up to 
some qualified geologist to 'make his f'aJDO' by explaining ~he Iowan peb-
ble band, etc. 
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On the basis of field observations and studies, the conclusion reached 
here is that hills of pahoid form with no loess usually represent pre-
Iowan highs that have been overridden and cove.red by the fowan till. The 
vegetation was presumably obliterated by glacial action and no catchment 
was provided for the materials which must have been moved about by the 
wind when the Iowan drift plain was still bare of vegetation. Paha, on 
the other hand, originated, it seems, because the pre-Iowan highs which 
form their nuclei were not overridden by the Iowan glacier. Hence, their 
vegetation, either living or dead, forest or prairie, remained as a source 
of lodgement for the materials moved about on the unvegetated Iowan 
plain by the wind. The occurrence of pipestems at the contact between 
the loess and the pre-Iowan soil is indicative of live vegetation. Snails 
incorporated throughout the loess matrix in some paha also point to_ the 
gradual accumulation of loess around a living vegetation. 
The orientation of the paha may be explained by the fact that the ice 
was moving in a southeasterly direction and would tend to leave elongate 
protrusions shaped in that direction. But possi~ly most important was 
the direction of the prevailing wind, NW to SE, which would orient mate-
rials in that direction when vegetation provided a lodgement. This is 
borne out by observations where the southeast end of the paha loess blan-
ket has streamed out on top of the Iowan drift. 
The reason for the presence of the pre-Iowan high, predominantly 
Kansan in character, is not apparent at this time. The nuclei of the paha 
have been sometimes explained as drumlins (16, 33 )which have been thick-
ly coated with loess, but lack of Kansan drumlins in other Kansan areas 
makes this seem unlikely. Still another explanation of the paha nuclei is 
that they are the result of accretions of pre-Iowan till around a high rock 
prominence or outcrop. However, borings through a paha to 140 feet 
showed only glacial drift (32 ). 
That vegetation likely existed on the pre-Iowan nuclei of . the paha is 
borne out by the presence of buried soils on the surface of the nuclei. 
Had there been no vegetation on these nuclei immediately preceding or 
during the advance of the Iowan glacier it is likely that the solum of th~ 
pre-Iowan landscape would have been removed by geologic erosion. The 
buried soils on the paha are morphologically similar ~o .the buried soils 
on the Kansan drift outside the Iowan drift border. These buried soils 
outSide the Iowan drift border were covered only by the Wisconsin loess 
(ZZ). The buried soils on the paha represent soils which were a reflec-
tion of the dominant soil forming factors operative at that locale. Con-
sequently. buried soils similar to Gray BrownPodzolic7 Brunizem, Weis-
enboden, and Planosol soils such as exist on the present land surface are 
encountered. It i8 of ecological interest to note that although several 
great soil groups are represented by the buried soils, in most instances 
the buried soils give evidence of being developed under forest vegetation 
rather than grass. Conversely, in the Iowan drift area today, most of the 
modern soil profiles were formed unde~r a grass vegetation. Further in-
dication of the presence of vegetation is the occurrence of numerous root 
pipestems at the contact of the loess and buried till-derived-soil. Fossil 
mollusks found at the contact zqne indicate that during loess deposition a 
vegetative environment for the faunal population existed similar to that of 
today (42) .. Prior to loess deposition the climate is assumed to be simila:r 
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to that of today. The long weathering interval may explain the heavily 
weathered buried soils, but it is possible that a somewhat · different cli-
mate may have also been responsible. 
From the morphology of the soils sampled on the paha, it appears that 
the soils will be confined to a few Great Soil Groups. The soils observed 
belong either to the Brunizem, Gray Brown Podzol, intergrades of these, 
and Regosol Great Soil Groups. The paha have been described as being 
originally forested (27 ). But it is evident from soils information that 
many of the paha observed in this study must have had a native vegetation 
of prairie for a considerable portion of the period since the loess was 
deposited, as no evidence of the soil structure usually found in the B hori-
zon of Gray Brown Podzolic soils was observed. The loess on the paha 
represents an accumulation of loess probably predominantly Iowan in age 
but which may represent deposition from Iowan time to post-Mankato 
time. The absence of any thick mantle of loess over most of the surface 
of the Iowan, except on the paha, would seem to indicate that any incre-
ments of Tazewell and post-Tazewell loess, Cary and post-Cary loess, 
and Mankato and post-Mankato loess must have been small. 
The writer submitted fossil wood samples for age determinations by 
radioactive carbon assays to the Institute for Nuclear Studies at the Uni-
versity of Chicago (5). These fossil wood samples were obtained from a 
forest bed buried in loess in Polk County beneath a Wisconsin till, now 
tentatively designated as Cary (37). Results of the age determinations 
showed the wood to be more than 17, 000 years old. Because the buried 
loess in Polk County is likely Iowan and post-Iowan, and/or Tazewell and 
post-Tazewell loess, it is probably a correlative of the loess on the paha. 
Therefore, it seems reasonable to assume that most of the loess of the 
paha was deposited about 17, 000 years ago (further substantiated from 
additional CH data (37a)). The upper portion of the paha loess in which 
the modern soil profile is developed may be as late as post-Mankato in 
age, although it seems unlikely for most of the paha lie deep within the 
Iowan drift plain. In this area there is no indication of a sufficiently long 
time interval between the subages of the Wisconsin age in which to de-
velop a profile which would serve as a marker for the different times of 
deposition .in these paha. 
Morphologically, some of the soils occurring on the paha which were 
sampled appear to be similar to the Monona, Tama, Downs, and Fayette 
series. The calcareous Regosol occurring on the paha is morphologically 
similar to the Ida series except that the organic zone is thicker than is 
normal for the Ida series. The profile is also calcareous to the surface, 
whereas much of the uneroded Ida series does not contain lime in the 
surface horizon. 
The soil survey of a paha in Benton County serves to illustrate the 
. distribution of soils of different development with topography. Minimal 
Brunizem soils predominatec:l on the paha mapped and usually occurred on 
the steeper slopes where erosion might have been an important factor and 
on the slopes that are more exposed to solar radiation. In coves and on 
more gentle slopes the medial Brunizem soils predominated. 
Particle size analysis of the different horizons showed that some pro-
files as P-382 and P-384 have an accumulation of clay in the B horizon, 
but that other profiles as P-380, P-383, P-385, and P-386 had little or 
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no concentration of clay in the B horizon. Profile P-385 exhibits con-
siderable variability in amounts of clay in successive horizons. Irregu-
lar distribution of clay in cases like this may be a reflection of differ-
ences which existed in the original unweathered parent material. 
Sorting of the loess is very poor in all the profiles with the exception 
of profile P-384. In this profile better sorting is evident. Assuming the 
same time for development of this profile as the other profiles, the high-
er proportion of clay and fine silt contained in the upper portion of the 
original parent material is likely to have been the cause of its medial 
development. The forest-derived soil sampled on a paha exhibited poor 
sorting compared to the other soils on the paha. 
The poor sorting of the loess on the paha is difficult to explain, for 
even coarse loess close to its source has been shown to be rather well 
sorted. In Illinois, Smith (4 7) found in his Traverse 1 that at 0. 6 miles 
from the bluffs the loess contained 18. 7 per cent sand and more than 70 
per cent silt. But at 4. 5 miles from the bluffs the loess contained 2. 1 
per cent sand and more than 80 per cent silt. At greater distances the 
loess contained no sand with a silt content of about 80 and 90 per cent. 
In his Traverse 2 he found 1. 6 per cent sand and more than 90 per cent 
silt at 0. 1 miles from the bluff, and at greater distances no sand and a 
silt content of about 80 to 90 per cent. This is a great contrast to the 
soils of the paha where the sand content is generally high and the silt 
content averages about 50 per cent. The mechanical analyses of the soils 
on the paha may suggest a possible credence to the contention of Scholtes 
and Smith (40) that at least a part of the parent material of the soils on 
the paha was deposited as sand, and sand sized aggregates of silt and 
clay. It should be noted that the data of Smith (47} showed that the loess 
contained appreciable amounts of sand only relatively close to the source. 
Beyond 4. 5 miles from the loess source he found no sand in the loess. 
From this data one may interpret that the loess of the paha which contains 
large amounts of sand, averaging about 30 per cent total sand, must have 
had its source close to the locale of the present paha. It should be noted 
that many of the soils derived from Iowan glacial drift have a particle 
size distribution (35) similar to the soils of the paha. 
With the development of a textural profile certain physical changes 
iaccompany soil development. The volume weight of the C horizon indi-
cates that the parent material had a medium high volume weight when 
deposited. The general trend was an increase ~ volume weight from the 
surface to the parent material or C horizon. These changes are greatest 
in the · immediate surface horizons and decrease with depth. However, 
profiles which have poorly sorted loess as parent materials like profiles 
P-380, P-383, and P-385 have volume weight which are variable in much 
the same manner as the amount of clay varies. None of the soils on the 
paha have horizons as dense as the till samples from Marshall County in 
central Iowa. The density of both the loess and till samples from that 
locality are the highest of any soil layer sampled. 
The porosity data reveal a favorable porosity relationship in all the 
profiles from the paha. Assuming an aeration porosity of about 5 per 
cent or more and permeability of about 2 inches per hour or more is 
favorable (19), than it seems likely that most of the soils on the paha are 
adapted to level terraces provided the rainfail pattern is similar. 
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The soils developed under a forest or partial forest vegetation have a 
slightly lower aeration porosity than ·the soils developed under a prairie 
vegetation. This relationship also holds true for the Tama versus the 
Fayette soil profiles where the Tama profile has more favorable porosity 
than the Fayette profile. The lower aeration porosity of the forest-de-
rived profiles is reflected in a larger volume of soil solids and a lower 
permeability. The permeab.ility of the forest-derived profiles is gener-
ally lower than that of the prairie-derived profiles. 
The almost complete absence of mottlings in the soils of the paha indi-
cates that they have good natural. drainage and poor aeration on these soils 
is not likely to be a problem. Hunter ( 19) concluded that permeability of 
certain prairie-derived soils studied was adequate to permit the use of 
level terraces for erosion control and water conservation. Although 
study of climatic data should be made before reaching any decisions re-
garding the soils of the paha, it seems safe to assume that they are at 
least as permeable as the soils Hunter studied. Therefore, it seems 
likely that practices such as contour listing, level terraces, and con-
touring as used in southwest Iowa could be safely used on soils of the 
paha. The permeability measurements do not show the rather uniform 
progression and regression exhibited by the soils studied by Ulrich (66) 
and Hunter ( 19 ), As the soils of the paha are young and poorly developed, 
their irregular permeabilities are not unexpected as it is commonly ob-
served that crotovina are more prominent in minimal and medial than in 
advanced medial and maximal Brunizem soils. 
The determinations of available phosphorus and potassium reveal an 
irregular distribution of both throughout the entire profile depth of most 
of the soils on the paha. The lack of uniformity in particle size, aeration 
and total porosity, permeability, pH, and available exchangeable bases 
seems to be a characteristic of these soils. Apparently more variability 
is found in soils which are not well developed and/or have a parent mate-
rial not homogeneous in composition. The soils of the paha are certainly 
on the average not well developed and their parent material seems to be 
unpredictably heterogeneous for loess. 
The available phosphorus and . especially potassium determinations 
show a close correlation of the soils on the paha to the surrounding Iowan 
glacial till-derived soils and also the loess-derived soils of northeast 
Iowa. The range of amounts of available phosphorus and potassium of the 
s~ils on the paha are more similar to the Iowan glacial till-derived soils 
and the loess-derived _soils of northeast Iowa than of the loess-derived 
soils of south central and southeast Iowa. This may be taken, perhaps, 
as. further indication that the source of the paha loess was the Iowan 
drift plain in the locality of the paha. One profile, P-384, has a much 
higher content of available potassium than is found in the surface of most 
glacial till-derived soils in the Carrington-Clyde soil association area. 
The available potassium content of the surface layer of profile P-384 was 
more than 400 pounds per acre whereas the glacial till-derived soil.a in 
this area average about 150 to 175 pounds per acre . . This higher avail-
able potassium content than the average of the paha occurring soils and 
the somewhat stronger profile development indicate a higher amount of 
clay in the or.iginal parent material in that locality, or perhaps a different 
loess source than the average of the paha. Further study is needed to 
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explain the relationship of such a soil profile to the other more commonly 
occurring profiles on the paha. 
The comparison of the two profiles on the paha with the two profiles 
of established soil series reveal differences. Some of these differences 
may serve as a basis for excluding the soils of the paha from already 
established series. However, the magnitude of chemical differences be-
tween the soils on the paha and their morphological analogues, the Tama 
and Fayette soils, is not great. The exchangeable hydrogen, calcium, 
magnesium, base saturation and calcium magnesium ratio data for profile 
P-383 and the Tama soil, show only minor differences between the two 
soils. No conclusion could be reached from the data which would justify 
separating the soils on the basis of chemical differences. These differ-
ences between the Fayette soil and the forest-derived soil of the paha, 
profile P-382, are somewhat greater than in the case of the prairie-de-
rived soils. The data reveal that the Fayette soil is higher in exchange-
able hydrogen, somewhat lower in exchangeable calcium and magnesium, 
less saturated with bases and has somewhat lower exchangeable calcium 
to magnesium ratios than its morphological analogue on the paha, profile 
P-382. These data would not justify separation of the Fayette soil from 
profile P-382 on the basis of exchangeable base differences alone. 
The forest-derived soil on the paha has somewhat higher calcium to 
magnesium ratios than does the Fayette soil. The Tama soil profil~ and 
the prairie-derived soil profile of the paha have very similar exchange-
able calcium to magnesium ratios, and under the foregoing assumption 
would be considered about equally weathered chemically. The profile of 
the Tama series, however, has a higher content of clay in the B horizon 
than does the soil profile of the paha. 
On the basis of the morphological, physical, and chemical data obtained 
in this study it seems that new series should be used to designate the 
soils of the paha. Table 5 shows the per cent base saturation and per 
cent clay content of the A and B horizons of several established soil ser-
ies derived from loess and three soils of the paha derived from loess. 
From the base saturation and clay content data it seems likely that the 
medial Gray Brown Podzol on the paha, P-382, is more similar to the 
Seaton soil than to the Fayette soil. Therefore, it is suggested that the 
medial Gray Brown Podzols on the paha be designated as the Seaton ser-
ies on the basis of available data. The minimal Brunizem on the paha, 
P-383, appears likely to be more similar to the Port Byron series than to 
the Tama or Monona series. The Tama soil P-27 has a heavier textured 
profile than profile P-383 of the paha. The Monona soil P-145 has a 
higher per cent base saturation than the Brunizem soil of the paha. Until 
additional data are available it is suggested that the minimal Brunizem 
soil of the paha be classified with the Port Byron series. The data for 
the medial Brunizem soil on the paha, profile P-384, show that it is sim-
ilar to the Tama soil P-27. Therefore, on the basis of present informa-
tion, it is suggested that the medial Brunizem soils of the paha be classi-
fied as the Tama series. Comparison of the Regosol on the paha, profile 
P-386, with the Ida soil P-63 indicates that these two soils may be in-
cluded in one series. The regional climatic environment of the Ida soils, 
however, may be enough different from that of the paha region to justify 
classification of the soils in the different series . Until further informa-
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Table 5. Per cent base saturation and per cent clay content of the A1 
and Bz horizons of several lo es s -derived soils. 





hortzon horizon hortzon 
Soil 
Gray Brown Podzol, P-382 (paha} 89 79 11.9 27 .9 
Brunizem, P'-383 (paha) 72 87 21.0 21.9 
Regosol{ P-386 (paha 100 100 19.3 17.2 
Monona 20) 96 86 27.8 30.4 
Port Byron 75 85 21.0 26.0 
Tama, P-27 (48) 67 88 27.5 34.2 
Fayette, #16 (69) 73 71 15 .. 7 31.0 
Seaton (69) 78 71 11.;3 24.3 
Ida, P-63 ( 20) 100 100 14 .8 12.7 
tion is available, it is suggested that the Regosols of the paha should be 
classified with the Ida series. 
The principal soil differences between soils of the paha and adjacent 
soils of the Iowan drift plain appear to result from differences in parent 
material and in some instances to differences in vegetation. The loess 
parent material of the soils of the paha, although heterogeneous for loess, 
is much more uniform than the parent material of the drift-derived soils. 
Consequently, major differences exist which are caused by differences in 
the nature of the parent materials. The paha were frequently forested 
whereas the soils on the surrounding till plain usually developed under 
prairie vegetation. Where vegetation differences existed the difference 
is reflected in the soils. 
CONCLUSIONS 
The following conclusions were deduced from this study: 
1. The paha are numerous and widely distributed over the area of the 
Iowan glacial drift plain in northeast Iowa, with the bulk of the paha 
occurring in the southern portion of the area. 
2 . Detailed field work should reveal a considerable number of additional 
paha as yet unmapped. 
3. The paha have origi nated because of the existence of pre-Iowan prom-
inences, usually of Kansan till, which the Iowan glacier did not over-
ride. 
4. Loes s a ccumulated t o considerable . depths over the pre-Iowan highs 
while the areas adjacent to the paha were covered with thin amounts of 
loess distributed in an irregular pattern . 
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5. Buried soils on the Kansan nuclei of the paha, indicate development 
of soils comparable to some present soils exposed at the surface 
before deposition of the paha loes s . The absence of fresh till or 
glacial fragments is taken as further evidence the Iowan glacier did 
not override the soils on the existing prominences. 
6. The soils occurring on the paha are affected locally in their charac-
teristics by the relief and vegetation at any particular point. 
7. The parent material of the soils on the paha is poorly sorted loes s, 
of which a portion may have been deposited by the wind as sand, and 
sand-sized aggregates of silt and clay. 
8. The morphology of the soils on the paha indicates there are soils of 
the prairie, prairie-forest transition, Gray Brown Podzol, and Re-
gosol Great Soil groups represented in the paha. Further study may 
reveal soils present of other great soil groups. 
9. Considerable physical differences are evident between soils of the 
paha and soils developed from blanket loess. The soils of the paha 
exhibit the same general trends of increasing volume weight, de-
creasing aeration and total porosity, and decreasing permeability 
with depth as do the soil s from blanket loess. However, they exhi-
bit these tendencies in an irregular m anner. 
10. Soils of the paha contain amounts of available phosphorus and potas-
sium similar t o the adjacent glacial soils, and lower than the loess 
soils south of the Iowan glacial drift plain. 
11 . The soil forming factor primarily responsible for most of the differ-
ences between soils on the paha and those adjacent to the paha is 
parent material, with vegetation secondary. 
12. Soils developed from loess parent material should be recognized on 
the Iowan glacial drift. The soils of the paha appear to differ from 
those soils developed from loess that are currently established and 
mapped in the state. Therefore, new series or series established 
elsewhere should be used to designate soils of the paha. 
13. More detailed study is necessary to furnish the scientific data neces-
sary for correct evaluation of the soils on the paha and their proper 
classification. 
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INHERITANCE OF RESISTANCE TO TWO RACES 
OF CROWN RUST IN OATS1 
R.E. Finkner, R.E. Atkins, and H.C. Murphy2 
Recent changes in the prevalence of certain physiologic races of Puc-
cinia coronata avenae serve to re-emphasize the dynamic nature of breed-
ing for resistance to crown rust of oats. The production of new races 
and biotypes within races through hybridization and mutation makes the 
task of maintaining effective resistance to prevalent races a difficult one. 
Breeding for resistance to crown rust generally has involved a search of 
the world oat collection or other sources for types resistant to prevalent 
races of the organism and the subsequent incorporation of this resistance 
into agronomically acceptable varieties. The use of Victoria and Bond 
oats in past years and the current use of the Landhafer and Santa Fe 
varieties are outstanding examples of this practice. 
Fundamental studies of the inheritance of resistance to the crown rust 
organism have been somewhat limited. The host-parasite relationships 
involved in resistance represent the expression of a delicate balance be-
tween genotypes of both the host and pathogen. It might be expected, 
therefore, that opportunity for complex gene interaction would occur, 
with different genes or a combination of different genes determining re-
sistance to various forms of crown rust. 
The purpose of this investigation was to study the inheritance of re-
sistance of several oat varieties to specific races of the crown rust or-
ganism and to associate the findings with previous work involving other 
varieties commonly used by oat breeders in breeding for crown rust re-
sistance. A summary of previous genetic interpretations governing re-
sistance and susceptibility to crown rust, races of the organism used, 
sources of resistance, and the respective references is given in Table 1. 
1Journal paper No. J-2585, Project 1176, ot the Iowa Agricultural Experi-
ment Station, Ames, Iowa. Cooperative investigation between the Agronomy, 
Botany and Plant Pathology Departments of the Iowa State College and 
Field Crops Research Branch, A.R.s., u.s. Department of Agriculture. Part 
ot a thesis submitted by the senior author to the Graduate Faculty of the 
Iowa State College in partial f'ulfillment of the requirements for the Ph. 
n. degree. 
2
Formerly graduate assistant in Farm Crops, Associate Professor ot Farm 
Crops, and Principal Pathologist, Field Crops Research Branch, A.R.s., 
u.s.D.A., respectively. The authors are indebted to Drs. I. J. Johnson, 
J. G. O'ltiara, and o. Kempthorne, of the Iowa State College, for advice in 
interpreting n.rious phases of the data and to the Quaker Oats Company 
tor financial assistance through an industrial fellowship. 
212 FINKNER, ATKINS, and MURPHY 
Table 1. Summary of genetic interpretations governing resistance and 




Source race No. 
Genetic interpretation 





Algerian-Calcutta 89 33 
Anthony-Bond 57 
x Boone 
Bond vie 101 
1, 7, 46 and 
Bond composites 




Iowa 444 1, 7, 46 































to Klein 69b 
Single recessive factor 
Inhibitor factor 
to sunrise 23 
Inhibitor factor to Bond 












Single dominant factor 7, 10, 12, 19 
Single recessive factor 19 
Single dominant factor 2,3,4,21 
Two complementary in-
hibitor factors to Bond 
Single dominant factor 
Single dominant factor and 
two complementary factors 
Single dominant factor and 
one of two complementary I 
factors from Bond 
Two dominant linked 
factor pairs with 23 pe_r 
cent recombination 
Single dominant factor 
Single dominant factor 
Two dominant comple-
mentary factors 
Two dominant linked 
factors wif;h 23 per 
cent recombination 
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EXPERIMENT AL PROCEDURE 
This investigation consisted of the evaluation for crown rust reaction 
of all possible hybrid combi nations among three parental varieties. 
Crosses were tested in both the F 2 and F 3 generations with races* 57 and 
109 of the crown rust organism. The crosses studied were: Cross No.I, 
Clinton** {C.I.5011) x Ukraine {C.I.3259), Cross No.2, Santa Fe (C.I. 
4518) x Clinton, and Cross No. 3, Ukraine x Santa Fe. 
F 2 seeds of crosses 2 and 3 were spaced at one foot intervals in the 
field at Ames, Iowa, in the spring of 1950. The other cross, Clinton x 
Ukraine, was made in the winter of 1950 in the greenhouse at Ames and 
the seed grown at Aberdeen, Idaho, in the spring of 1951 for maximum 
seed increase. F 2 seeds from thi s cross were planted in the greenhouse 
in flats fitted with one-inch paper bands and filled with sterilized soil. 
The F 2 seedlings were tested fo.r crown rust reaction in the spring of 
1952 and later transplanted to the field at Ames. 
Approximately 200 progenies from each F 2 pla.nt were tested to race 
57 of crown rust in the greenhouse during the fall and winter of 1952-53 
and another 200 progenies from the same plant tested to race 109. For 
each of the three crosses approximately 100 F 2 plants were tested to 
each of the two races. The inoculum of race 57 was supplied by Dr. E. L. 
Sharp, Ames, Iowa, as lyophilized spores from the same inoculum used 
by Finkner (7 ). The seni or author isolated race 109 from an infected 
leaf of Ukraine oats supplied by Dr . M.D. ·Simons, U.S.D A., Ames, 
Iowa. Both races were purified by repeated single pustule isolations and 
increased on the Markton variety. 
Plants were inoculated in the first-leaf stage of growth using the 
spore-talc method as described by Finkner et al. (5 ). A mixture of 1 
part rust spores to 50 parts talc was adequate for obtaining heavY: infec-
tion. All plants were placed in a humidity chamber for a period of 24 
hours following inoculation, and rust reactions were recorded 12 to 14 
days later. Seedling reactions were determined in accordance with the 
scale described by Murphy {15) and illustrated by Finkner (7). The im-
mune- and zero-reaction types were placed in separate classes in this 
study. 
EXPERIMENTAL RESULTS 
The results from inheritance studies with each of the three crosses 
will be presented separately. 
Cross 1: Clinton x Ukraine 
The cross Clinton x Ukraine involved the extremes in rust reaction to 
both races used in this study. Ukraine was fully susceptible to race 109 
"'Race number is dependent. upon the set of differential Tarieties used. 
Races c~ssif'ied as 57 and 109 by the old set are designated 202 and 
228, respectiTely, nth the new set ot ditterentials. The races 1'111 
be referred to as 5'1 and 109 in this presentation. 
**The seed ot Clinton used in this investigation was trom a single pe.n-
icle selection ot the original Clinton n.riety made by Dre D.D. Korey 
~ 1946. 
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and fully immune to race 57, while Clinton showed a resistant O-type 
infection with race 109 and a fully susceptible reaction to race 57. 
Classification of the Fz plants in this cross was based on their progeny 
behavior in the F 3 generation with one-half of the progeny from each Fz 
plant tested to each of the two races. The following segregation was ob-
tained from inoculations with race 109; 8 bred true for re~istance, 51 
segregated, and 49 bred true for susceptibility. The segregating group 
was further separated into two classes, according to the preponderance 
of resistant and susceptible plants in each progeny. One class contained 
more resistant than susceptible plants in its progeny while the reverse 
was true for the other class. The number of plants observed in the two 
segregating classes was 15 and 36, respectively. 
The observed frequencies suggested the presence of a dominant inhi-
bitor factor pair (MM) in Ukraine which was epistatic to the- dominant 
factor pair (AA) for resistance from Clinton. On the basis of this as-
sumption the expected and observed numbers of the different genotypes 
are shown in Table 2. For the population of 108 plants classified, 6. 75 
should have been true breeding resistant types, 13, 50 should segregate 
more resistant than susceptible plants, 40. 50 should segregate more 
susceptible than resistant types, while the remaining 47. 25 should have 
bred true for susceptibility. The numbers observed in the four classes 
were 8, 15, 36, and 49 respectively. A chi-square value of 1. 55 and a 
corresponding P value of O. 5-0. 7 was obtained for these numbers which 
indicated a satisfactory fit to the hypothesis. 
Table 2. Expected and observed frequencies of phenotypic and genotypic 
classes from the cross Clinton x Ukraine for reaction to race 
109 of crown rust. 
Breeding Exp. Exp. Obs. 
Generation Phenot;y:pe Genot;y:Ee Behavior :eer cent No. No. 
~Parent 
(Clinton) Resistant mm AA Res is tan t 
cf parent 
(Ukraine) Susceptible MM aa Susceptible 
Fl · no. Mm Aa Segregate 
F2 Do. MM AA Susceptible 6.2~ Do. MM Aa Do, 12 50 
Do. MM aa Do. 6.25 47.2 49 
Do . Mm aa Do. 12.50 
Do. mm aa Do. 6.25 
Do. N.im. AA '~ Segregate 12.50} 40.5 36 Do. Mm Aai~ ·::· Do. 25.00 
Resistant mm Aa >:·"* Do. 12.50 13.5 15 
Do. nnn AA Resistant 6.25 6.8 8 
* Segregating 3 susceptible: 1 resistant >:·* Segregating 13 susceptible; 3 resistant 
***Segregating 3 resistant; 1 susceptible 
Chi square (3 d.f.) - 1.55 p - 0.50 - 0.70 
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From the segregating portion of the F z population a ratio of 34. 4 per 
cent resistant to 65. 6 per cent susceptible was expected in the F 3 genera-
tion. The classification of 9, 309 F 3 plants showed 3, 291 resistant and 
6, 018 susceptible types in comparison with the expected numbers of 3, 200 
resistant and 6, 109 susceptible. The chi-square value for testing the 
observed numbers was 3. 91 which barely exceeded the 5 per cent level 
of probability. This would not seem to constitute conclusive evidence 
against the hypothesis, however, in view of the closeness to an accept-
able fit and the possibility of some misclassification of plants that bor-
dered between a resistant and a susceptible reaction. 
To explain the results from testing the F z plants of cross 1 with race 
57 of crown rust, the hypothesis was proposed that the parents differed by 
a single dominant factor pair determining resistance and susceptibility. 
It was assumed that the Ukraine parent possessed a single dominant fac-
tor (MM) for resistance and the recessive alleles (mm) were carried by 
the Clinton parent. The F 2 genotypes and the expected and observed 
numbers are given in Table 3. Based on the progeny test of 117 F 2 plants 
the observed segregation gave a satisfactory fit to a 1 resistant:2 segre-
gating: I susceptible ratio. As with race 109 the classifications in F 3 of 
the segregating section of the Fz did not follow the expected distribution; 
but, again, this may have been the result of possible misclassification of 
some plants bordering between resistance and susceptibility. 
An examination of the data from the segregating populations of cross 1 
for reaction to races 57 and 109 indicated a definite association of reac-
tion to the two races. The dominant gene (MM) in Ukraine, which inhi-
bited resistance to race 109, appeared also to condition resistance to 
race 57. Furthermore, the dominant gene (AA) in Clinton, which gov-
erned resistance to race 109 in the absence of the Ukraine gene (UU), 
apparently had no effect on the reaction to race 57. The expected and 
observed frequencies based on this hypothesis are presented in Table 4 
together with the chi-square value for goodness of fit. A satisfactory 
agreement with the hypothesis is indicated. 
Cross 2: Santa Fe x Clinton 
The Santa Fe parent generally gave a 0 reaction from inoculations 
with either race 57 or 109, although a I-type reaction was observed under 
some conditions. Clinton was fully susceptible to race 57 and gave a 0 
reaction to race 109. 
Progeny from 127 Fz plants of cross 2 were classified for reaction to 
race 57 and the following segregation obtained: 50 bred true for the Santa 
Fe type resistance, 60 segregated into parental types and 17 bred true 
for susceptibility. ·The numbers observed suggested that linkage was 
involved in the action of the genes governing reaction to crown rust in 
this cross. By assuming that Santa Fe possessed two linked factors de ~ 
termining resistance (M1 M 1 U1 Ui), each dominant and each capable of 
producing the Santa Fe type resistance, the linkage intensity was esti~ 
mated from the fully classified Fz data. It should be pointed out that not 
all crossover types could be distinguished from the non-crossover types 
by their reaction type even with progeny tests. The best estimate of 
linkage, therefore, was obtainable from the three identifiable Fz classes, 
i.e., resi~tant, segregating, and susceptible. 
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Table 3. Observed and expected frequencies of phenotypic and genotypic. 
classes from the cross Clinton x Ukraine for reaction to race 
57 of crown rust . 
Exp. 
Geno- Breeding per Exp. Obs. 
Generation PhenotzEe tz,ee behavior cent No. No. 
~Parent 
(Clinton) Susceptible mm Susceptible 
C/l Parent 
(Ukraine) Resistant MM Resistant 
Fl Resistant Mm Segregate 
F2 Resistant MM Resistant 25 29.25 32 
F2 Resistant ~ Segregate 50 58.50 60 
F2 Susceptible mm Susceptible 25 29.25 25 
Chi square (2 d.f.) • 0.92 p s 0.50 - 0.70 
Table 4. Expected and observed frequencies of different associations of 
genotypes occurring in the cross Clinton x Ukraine when tested 
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Table 5 . Exp ected and observed frequencies of phenotypic and genotypic 
classes from the cross Santa Fe x Clinton for reaction to race 
57 of crown rust. 
Breeding Exp. Exp. Obs. 
Generation Phenot;rEe Genot;·rne behavior per cent No. No. 
~Parent 
(Santa Fe) Resistant M1U~ Resistant 
M1U1 
O"Parent 
(Clinton) Susceptible rn u Susceptible 
mu 
F1 Resistant M1U1 Segregate 
m u 
F2 Do. M1U1 Resistant 12.67 
.M1 U1 
Do. M1U1 Do. 10.26 
M1u 
Do. M1u Do. 2.07 47.4 50 
M1u 
Do. M1U1 Do. 10.26 
iilUl 
IX>. m U1 Do. 2.07 
m u1 
Do. M1U1 Segregate 
mu-
Do. M1u Do. 
ii1U1 
63.5 60 
Do. M1u Do. 
mu 
Do. m U1 Do. 10.26 
m u 
Susceptible ~ Susceptible 12.67 16.1 17 
mu 
*Recombination value for ·linked Santa Fe genes - 28.8 per cent. 
Chi square (1 d.f.) - 0.38 p - 0.50 - 0.70 
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Table 6. Expected and observed frequencies of phenotypic and genotypic 
classes from the cross Santa Fe x Clinton for reaction to race 
109 of crown rust. 
Breeding Exp. Exp. Obs. 
Generation Phenot;rEe Genoty12e behavior 12er cent No. No. 
~Parent 
(Sant;a Fe) Resistant M1U1 aa Resjstant 
M1U1 
<i' Parent 
(Clinton) Resistant mu AA Resistant 
mu 
Fl Do. M1U1 Aa Segregate 
= mu 
F2 Do. M1M1 U1Ur Resistant 12.6 
Do. M1M1----AA Do. 3.08 
Do. ----U1U1AA Do. 3.08 
Do. M1M1----Aa Do. 6.16 
Do. ----U1U1Aa Do. 6.16 
·Do. M1M1----aa Do. 3.08 57 .76 63 
Do. ----u1 U1aa Do. 3.08 
Do. M1m U1u AA Do. 7.38 
Do. M1m uu AA Do. 2.56 
Do. mm U1u AA Do. 2.56 
Do. mm uu AA Do. 3.17 
Do. M1m u1u As Segregate 14.7 
Do. M1m uu Aa Do. 5.12 
Do. mm U1u Aa Do. 5.12 
Do. inm U1u 88 1):). 7.38 4?.79 44 
Do. M1m uu aa Do. 2.56 
Do. mm U1u 88 Do. 2.56 
Do. mm uu As Do. 6 •. 34 
Susceptible mm uu 88 Susceptible 3.17 3.46 2 
Chi square (2 d.f.) • . l.40 p - o.5o ·- o.7o 
The estimation of linkage intensity was made using the maximum like-
lihood procedure. The recombination value for the two linked genes was 
determined to be 28. 8 per cent with a standard error of O. 78 per cent. 
The gametic frequency of each parental gamete then was 35. 6 per cent 
and of each crossover gamete 14. 4 per cent. The genotypic classes with 
their expected frequencies, breeding behavior, observed numbers and 
expected numbers based on the gene action and linkage intensity proposed 
are given in Table 5. 
The process of linkage estimation used one degree of freedom, leaving 
one remaining to test the goodness of fit. Expected numbers under the 
linkage hypothesis were 47.4 resistant, 64.5 segregating and 16.1 sus-
ceptible; whereas, 50, 60, and 17, respectively, were observed. A chi-
square test of the observed and expected numbers, shown in Table 5, in-
dicated a satisfactory fit to the hypothesis. From the progenies of the 
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segregating portion of the Fz population three classes could be identified, 
indicating that resistance was partially dominant. For that reason, ac-
curate readings could not be made within this group to further verify the 
Fz classifications. 
Segregation of the progenies of Fz plants when tested with race 109 
suggested that three factors were operative in determining resistance in 
the Santa Fe x Clinton cross. Results of the tests with cross 1 indicated 
that Clinton possessed a single gene (AA) governing resistance to race 
109. Santa Fe was observed to be resistant to both races 57 and 109 and, 
therefore, was expected to carry two dominant duplicate linked factors 
(M1M 1 U 1U1 ) for resistance if the same genes condition resistance to both 
races. If these factors were not alleles or closely linked genes, suscep-
tible plants should be obtained in the F 2 • The segregation observed from 
the Fz progenies for reaction to race 109 is shown in Table 6. 
The expected numbers based on the hypothesis of two linked genes 
from Santa Fe and an additional gene from Clinton were 57. 8 true breed-
ing resistant, 4 7, 8 segregating and 3. 5 true breeding susceptible. The 
numbers observed for the three classes were 63, 44, and 2, respectively, 
which represent a satisfact Hy fit to the hypothesis as indicated by a chi-
s qua re test. The hypothesis of three independent dominant factors for 
resistance also was tested with the numbers observed. The chi-square 
value for goodness of fit to this hypothesis was slightly lower than for the 
test of the linked genes hypothesis. With the limited numbers observed 
from one cross it was difficult to distinguish conclusively between the 
two hypotheses. 
From the portion of the Fz population that should segregate in the F 3 
generation 89, 1 per cent should be resistant and 10. 9 per cent susceptible 
under the linkage hypotheses. A total of 7, 106 F 3 seedlings were clas si-
fied to test this expectation. The numbers expected on the basis of the 
linkage hypothesis were 6, 331 resistant and 775 susceptible while 6, 3 00 
resistant and 806 susceptible plants were observed. This represented a 
satisfactory fit to the hypothesis of two dominant linked genes from Santa 
Fe and a single dominant gene from Clinton determining resistance to 
race 109. 
By assuming that the two dominant linked genes from Santa Fe governed 
resistance to both races, then all Fz plants classified as true breeding 
resistant to race 57 also should be resistant to race 109. Other associa-
tions of reaction to the two races also were evident. The expected and 
observed associations of reaction between different phenotypes to races 
57 and 109 are shown in Table 7 . The chi-square value computed from 
this table indicated agreement between the observed and expected asso-
ciation of phenotype s based on the hypothesis of two linked genes from 
Santa Fe and an independent gene from Clinton governing resistance to 
the two races . 
Cross 3: Ukraine x Santa Fe 
The Ukraine x Santa Fe cross involved two parents resistant to race 
57 of crown rust. An immune reaction was characteristic of Ukraine 
from inoculations with this race while Santa Fe exhibited a 0 type re-
sistant reaction. The factors for resistance previously described for 
Ukraine and Santa Fe were assumed to be operative in cross 3. From 
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Table 7. Expected and observed frequencies of different associations of 
genotypes from the cross Santa Fe x Clinton when tested for 




to race 57 
M1M1 U1 U1AA Resistant 
M1m U1U1AA Do. 
M1M1U1u AA Do. 
M1M1U1U1Aa Do. 
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M1m U1u aa 
M1m uu Aa 
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Chi square (5 d.~.) - 7.54 p - 0.10-0.20 
the F 3 population tested no fully susceptible plants were observed, indi-
cating that the Ukraine factor (MM) was allelic to one of the linked Santa 
Fe factors (M1 M1 U1 U1 ). The Ukraine factor for resistance also appeared 
to be dominant and epistatic to the Santa Fe factors. Thus, whenever the 
Ukraine gene was present in a genotype it conditioned immunity to race 
57. The expected behavior of the progenies of Fz plants based on these 
assumptions is shown in Table 8. Selections breeding true for the Ukraine 
type of resistance should constitute 25 per cent of the population, 50 per 
cent should segregate for the Ukraine and Santa Fe types of resistance, 
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Table 8. Expected and observed frequencies of phenotypic and genotypic 
classes from the cross Ukraine x Santa Fe for reaction to race 
57 of crown rust. 
Breeding Exp. Exp. Obs. 
Generation Phenot;:n:~e Genot;y,ee behavior 12er cent No. No. 
9 Parent 
(Ukraine) Immune MM uu Immune 
<J Parent 
M1U1l (Santa Fe) o type Resistant 
M1U1 
Fl Immune M u Segregate 
M1U1 
F2 o type M1U1 Res is tan t 
MiUi 
Do. M1u Do. 25 22.75 21 
M1U1 
Do. M1u Do. 
M1u 




Do. M u Do. 50 45.50 48 
M1U1 
Do. ~ Do. 
M1u 
Do. M U1 Immune 
M1Y'i 
Do. Mu Do. 25 22.75 22 
M U1 
Do. ~ Do. 
'MU 
lRecombination value for linked Santa Fe genes "' 28.8 per cent. 
Chi square (2 d.f.) "' 0.30 p "' 0.80-0.90 
while the rema1n1ng 25 per cent shoul<l" be true breeding, Santa Fe resis-
tance types. The expected numbers from the population of 91 plants in 
accordance with this hypothesis were 22. 75 with the Ukraine resistance, 
45. 5 0 segregating and 22. 7 5 y.-ith the Santa Fe resistance. Observed 
numbers for the three classes were 21, 48, and 22, respectively, which 
is in good ~greement with the hypothesis. 
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Table 9 . Expected and observed frequencies of phenotypic and genotypic 
classes from the cross Ukraine x Santa Fe for reaction to race 
109 of crown rust. 
Breeding Exp. Exp. Obs. 
Genera ti on Phenotz:ee Genotz:ee behavior :eer cent No. No. 
2 Parent 
(Ukraine) Susceptible MM uu Susceptible 
a' Parent 
M1uV (Santa Fe) 0 type Resistant 
M1U1 
F1 O type M1U1 Segregate 
v.u 
F2 Do. M1U1 Resistant 12.67 
M1U1 
Do. M1U1 Do. 10.26 
M U1 
Do. M1U1 Do. 10.26 36.96 27 
M1u 
Do. M1u Do. 2.07 
M1u 
Do. M U1 Do. 2.07 
M -~l 
Resistant M1u Segregate 
M U1 
Susceptible M U1 De. 49.50 59 
MU 
Do. ~ Do. 
M1u 
Do. ~ Susceptible 12.67 12.54 13 
MU 
lJ Recombination value for linked Santa Fe genes • 28.8 per cent. 
Chi square (2 d.~.) • 4,52 P • 0.10-0.20 
Accurate classification for type of resistance could not be made for the 
portion of the population which should segregate in F 3 since the Ukraine 
gene (M) is only partially dominant to the M 1 gene or partially epistatic 
to the U1 gene from Santa Fe. 
The F 2 plants, when fully classified for reaction to race 109, indicated 
that the Ukraine gene (MM) was dominant to the Santa Fe gene (M1Mi}and 
conditioned susceptibility to this race in the absence of the other dominant 
linked Santa Fe gene (U1U 1 ) . The U1 U1 gene from Santa Fe was epistatic 
to the MM gene of Ukraine if the Santa Fe gene was in the homozygous 
condition or if the M gene was in the heterozygous condition. 
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Table 10. Expected and observed frequencies of different as sociati0ns 
of genotype occurring in the cross Ukraine x Santa Fe when 















































A dosage effect was apparent when the gene MM was in the homozygous 
condition and U1 was in a heterozygous condition. This genotype {MMU1u1) 
was susceptible to race 109 in the Fz generation and segregated three 
susceptible to one resistant type in the F 3 • It also was immune to race 
57 and could be identified in that manner. 
Based on the assumptions presented above, together with the premise 
of 28. 8 per cent crossing over between the linked Santa Fe genes, the 
expected segregations and observed numbers are given in Table 9. From 
the classification of progeny from 99 Fz plants the expected numbers were 
39.96 resistant, 49.50 segregating and 12.54 susceptible. The numbers 
observed were 27 resistant, 59 segregating and 13 susceptible which gave 
a probability of 0. 1-0. 2 in support of the hypothesis. Because of the com-
plicated gene actions involved, critical interpretation of classifications 
within the segregating portion of the population could not be made . Plants 
that were classified as breeding true for the Santa Fe resistance to race 
57 also gave a 0 reaction to race 109. Plants classified in the Fz as im-
mune to race 57 were susceptible, resistant, or segregating to race 109. 
The expected and observed frequencies of different associations of reac-
tion to races 57 and 109 are shown in Table 10. 
Progenies of two Fz plants among the 91 classified for reaction to both 
races of rust, could not be placed in any of the combined classes in Table 
10. They were classified as having the Santa Fe type of resistance to 
race 57 and as segregating for reaction to race 109. This discrepancy 
probably was due either to misclassification or was a resu\t of two con-
taminate F z seeds. By omitting the two questionable plants from the 
analysis the chi-square value for the association of reaction to the two 
races indicated a good fit to the proposed hypothesis. 
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DISCUSSION 
This study was designed with the assumption that the inheritance of 
crown rust reaction in oats was Mendelian in nature and that the parents 
involved were homozygous for their particular type of crown rust reaction. 
The results obtained indicate that these assumptions basically were cor-
rect. Some selections within a particular parental variety, however, 
appeared to have only one gene for resistance while other selections from 
the same parent apparently possessed two genes determining resistance. 
The exact origin of some of the parental varieties is not definitely known, 
but it seems likely that seed of a particular parent used in making some 
crosses was not always descendent from a single homozygous plant. 
Therefore, although selection for crown rust reaction had been practiced, 
it is unlikely that all plants of some of the parental varieties were of 
identical genotype. 
The parents used in this investigation currently are in common use< by 
oat breeders and thus are particularly well suited for studying the genetic 
relationships of different sources of resistance to specific races of crown 
rust. Clinton and Ukraine exhibit directly opposite reaction types to the 
two races of rust used, while Santa Fe is resistant to both races. 
Clinton was found to possess a single dominant gene determining resis-
tance to race 109. It was assumed that Clinton carried the Bond type of 
resistance, which several investigators have found to be governed by a 
single dominant factor, while others have proposed that two dominant 
complementary factors determine this type of resistance. The results 
obtained in this study and those reported by other workers for the Bond 
genes generally are not directly comparable since different races of 
crown rust were used in most instances and different genie background 
from different parents used may result in varying gene action. The re-
sults from all crosses with Clinton indicated that Clinton possesses only 
the recessive alleles to factors for resistance to race 57. 
Ukraine was classified as immune to race 57, and the data indicate 
that this reaction was controlled by a single gene pair (MM). Finkner (7) 
reported that the reaction of Ukraine to race 57 was determined by two 
factor pairs (MM UU)and that these genes were linked with a recombina-
tion value of 23 per cent. Apparently the Ukraine parent used in this 
investigation carried only one of the two linked genes for resistance in 
Ukraine reported by Finkner. This easily could happen as all selections 
possessing either the factors MM, UU, or MM UU should be resistant 
and appear homozygous for rust reaction. The single factor MM was 
assumed to be allelic to one of the two linked Santa Fe factors (designated 
M 1M 1 ) for resistance. 
When Ukraine was tested to race 109, a fully susceptible reacti on was 
obtained . The same gene (MM) which determined resistance to race 57 
appeared to govern susceptibility to race 109 . A possible alternative 
explanation would be that the gene for resistance to race 57 and the gene 
for susceptibility to race 109 are very closely linked and that no cross-
over types were found in this investigation. Finkner (6,p.108) also 
found association between the reaction of Ukraine to race 57 and to a 
mixture of races to which Ukraine was susceptible . He stated: 
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The data in table 25 indicated the Ukraine type of res is tance to race 
57 is associated with susceptibility to the race which attacks Ukraine. 
The association was very close but not absolute if the phenotypic re-
action was a correct measure of the genotype. This indicated that the 
factor pair conditioning the Santa Fe type of resistance to race 57 may 
not be allelic to one of the two linked factor pairs for resistance to 
race 57 from Ukraine, but instead was closely linked to one of the 
Ukraine factors. If this were the case one crossover type would be 
expected to be fully susceptible to race 57. 
In the investigation reported here this association was found to be ab-
solute and no crossover types were found. This discrepancy may be due 
to different races tested as Finkner used a mixture of races to which 
Ukraine was susceptible and not a single purified race. 
Santa Fe gave a 0 type reaction to both races 57 and 109 of crown 
rust and was assumed to have the genotype (M1M1 U1 U1 ), the genes being 
linked. A crossover value of 28.8 + 0.8 per cent between the linked 
Santa Fe genes was estimated from the Santa Fe x Clinton cross. The 
results obtained with Santa Fe in these studies are not in agreement with 
the single factor hypothesis proposed by Litzenberger (12 ), Maung ( 14), 
or Osler (18) and in the majority of cases it is not in agreement with 
Finkner's interpretations {6,7). However, Finkner (6,p.99) found one 
Santa Fe parent which he believed carried two linked genes for resistance. 
He stated: 
Finding linked duplicate factors in some cases and a single fact o r in 
other cases in the Santa Fe variety was not surprising . Santa Fe was 
not a pure line and while selection had been made for rust resistance 
in this variety, such selection may have failed to differentiate between 
those plants carrying duplicate linked factors and those carrying but a 
single factor. 
This explanation appears logical as it is known that Santa Fe was het-
erogeneous for reaction to certain crown rust races when first tested in 
the United States. The conflicting hypotheses as to the Santa Fe genotype 
may well be accounted for with this concept. 
Maung (14) and Osler (18) proposed that the Santa Fe resistance was 
conditioned by three factors designated by C, D, and S. The factors C 
and D were considered to be independently inherited, dominant, comple-
mentary factors, and S was determined to be a different dominant factor 
for resistance independently inherited from C and D. Either the C and 
D factors together, the S factor alone, or a combination of all three fac-
tors conditioned resistance. The discrepancy between this hypothesis 
and the one of duplicate-linked genes, again, might be explained on the 
basis of different selections from the variable Santa Fe parent. 
An alternative explanation of the different hypotheses may lie in the 
fact that the number of seedlings classified by both Maung and Osler was 
very small. Eachworker tested only 20 to 25 progenies from each F 2 
plant and on the classifications from these small populations attributed 
the reactions to one, two, or three genetic factors. Mather(13,pp.30-31) 
calculated the number of individuals necessary to distinguish between a 
9:7 and a 3: 1 segregation as 95 plants. He stated: 
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Thus we must grow ninety-five plants in order to distinguish between 
the two hypotheses with a minimum of certainty of 0. 025. 
Maung's data would fit the hypothesis of duplicate-linked genes with 
28. 8 per cent crossing over equally as well as the three factor hypothesis 
which he proposed. The small population tested does not, however, con-
stitute conclusive evidence for either hypothesis. 
Another explanation of the different segregations from crosses with 
Santa Fe may lie in the different genie constitution of the other parents 
involved. Maung and Osler both reported segregations from two crosses. 
Santa Fe was a common parent in both crosses, and the other two parents 
were Bond x Hajira-Joanette in one instance and Hajira-Joanette x Bond-
Rainbow in the other. It seems likely that different segregations could 
result from using these parents as contrasted to the investigations re-
ported herein with Clinton as the other parent. 
The segregations obtained by the writers are in agreement with re-
sults presented by Simons (19). He concluded that Santa Fe possessed 
two duplicate-linked genes and obtained a 23 per cent recombination value 
between the linked genes. 
The Ukraine type resistance to the races of crown rust now most pre-
valent in the .United States is one of the most effective available to oat 
breeders. In a report of the reaction of oat varieties to crown rust in the 
1952 Uniform Rust Nurseries by Murphy (16,p.41), Ukraine exhibited 
the third lowest infection with an average coefficient of 2. 0 . . Fourteen 
entries in the test had coefficients of less than 5. 0 and four of this group 
possessed the Ukraine type resistance. This represents approximately 
29 per cent of the best cro~ rust resistant material available to oat 
breeders at the time of this test which contain the Ukraine genes for re-
sistance. 
Results from this investigation, however, show that while Ukraine 
possesses a high type of resistance to most races of crown rust now pre-
valent in the United States, the genes governing this resistance apparently 
also determine susceptibility to at least one less prevalent race. This 
association suggests that oat breeders probably should place less empha-
sis on the use of Ukraine as a crown rust resistant parent and make 
greater use of varieties that have not shown unfavorable associations of 
resistant and susceptible reactions. The varieties Santa Fe and Tris-
pernia and certain of the Anthony-Bond x Boone selections appear to 
offer more stable sources of crown rust resistance than Ukraine. These 
varieties all were observed to have at least one gene in common with 
Ukraine but gave a resistant reaction to both races of crown rust used in 
this study. These varieties also exhibited crown rust coefficients of less 
than 5. 0 in the 1952 Uniform Rust Nursery summary. 
The value of testing adequate sized populations in studies of the in-
heritance of crown rust resistance cannot be over-emphasized. Conclu-
sive genetic interpretations cannot be made from small populations, even 
though the work may have been very carefully carried out. At least 100 
progenies from any F 2 plant should be tested if the factorial interpretation 
is likely to be attributed to more than" one gene governing the reaction. 
Parents also should be crossed in all possible combinations because an 
hypothesis that can satisfactorily explain the results of several crosses 
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usually is valid even though a poor fit to the theoretical ratio may be 
obtained for a particular cross. The breeding behavior of a variety in 
diallel crosses with several varieties provides a more critical test for 
an hypothesis than does a mathematical test for goodness of fit for each 
individual cross. 
In most of the crosses studied the action of the resistant gene was not 
completely dominant. Several of the parents exhibited a variable reaction 
to specific races of crown rust. In view of this a progeny test of the suc-
ceeding generation to confirm the interpretation of reactions of a given 
segregating generation should be considered a necessary step in crown 
rust inheritance studies. 
SUMMARY 
The mode of inheritance of reaction to races 57 and 109 of crown rust 
was studied in three oat crosses. Conclusions drawn from the reactions 
of segregating Fz and F 3 progeny of these crosses are summarized below: 
1. Resistance of the Clinton variety to race 109 was conditioned by a 
single dominant gene, designated (AA). Clinton exhibited only re-
cessive alleles to factors for resistance when tested to race 57. 
2. The resistance to race 57 and susceptibility to race 109 possessed 
by the Ukraine variety was governed by the same gene, designated 
(MM). 
3. Two dominant linked genes determined the resistance of Santa Fe 
variety to both races of crown rust. The genes (M1M1 U1 U1) were 
linked in the coupling phase with 28. 8 + 0. 8 per cent recombination. 
One of the duplicate-linked genes (M~Mi) was allelic to the gene 
(MM) in Ukraine, with the Ukraine gene (MM) being dominant to the 
M 1 M 1 gene. 
REFERENCES 
1. · Cochran, G. W., C. 0. Johnston, E.G. Heyne, and E. D. Hansing. 
Inheritance of reaction to smut, stem rust and crown rust in four 
oat crosses. Jour. Agr. Res. 70:43-61. 1945. 
2. Davis, W.D. and E.T. Jones. Studies on the inheritance of resist-
ance and susceptibility to crown rust(P. coronata Corda) in a cross 
between a selection of Red Rustproof-(A. sterilis L.) and Scotch 
Potato(A. sativaL.). WelshJour. Agr-:-2:212-221. 1926. 
3. , - ~rther studies on the inhe;itance of resistance to 
~wn rust (P. coronata Corda) in F 3 segregates of a cross between 
Red Rustpr~of (A. sterilis) and Scotch Potato oats (A. sativa). 
Welsh Jour. Agr~3:232-235. 1927. - ---
4. Dietz, S. M. and H. c-:- Murphy. Inheritance of resistance to Puccinia 
coronata avenae. Phytopath. 20:120. 1930. 
5. Finkner, R~.E. Atkins, and H.C. Murphy. Inoculation tech-
niques for crown rust of oats. Agron. Jour. 45:630-631. 1953. 
228 FINKNER, ATKINS, and MURPHY 
6. Finkner, V. C. Genetic factors governing resistance and susceptibi-
lity of oats to Puccinia coronata avenae. Eriks, and E. Henn., 
Race 57. Unpubl. Ph.D. thesis. Iowa State Coll. Library. 1950. 
7. Genetic factors governing resistance and susceptibility of 
oats to Puccinia corona ta avenae. Eriks, and E. Henn., Race 57. 
Iowa Agr. Exp. Sta. Res. Bull. 411. July, 1954. 
8. Hays, H.K. Breeding for resistance to crown rust, stem rust, smut, 
and desirable agronomic characters in crosses between Bond, 
Avena byzantina, and cultivated varieties of Avena sativa. Jour. 
9. --,-M.B. Moore, and E.G. Stakman. Studies of inheritance in 
~sses between Bond, Avena byzantina, and varieties of A. sativa. 
Minnesota Agr. Exp. Sta. Tech. Bull. 137, 38 pp. 1939. - ---
10. Kehr, W.R. and H.K. Hayes. Studies of inheritance in crosses be-
tween Landhafer, Avena byzantina L., and two selections of A. 
sativa L. Agron. Jour. 42:71-78 . 1950. -
11. Ko, Sianh Yin, J.H. Torrie, and J.G. Dickson. Inheritance of re-
action to crown rust and stem rust and other characters in crosses 
between Bond, Avena byzantina, and varieties of A. sativa. Phyto-
path. 36:226-235:'1946. - ---
12. Litzenberger, S. C. Inheritance of resistance to specific races of 
crown and stem rust, to Helminthosporium blight, and of certain 
agronomic characters of oats. Iowa Agr. Exp. Sta. Res. Bull. 370. 
pp. 454-496. 1949. 
13. Mather, K. The measurement of linkage in heridity. 2nd ed. New 
York., John Wiley and Sons, Inc. 1951. 
14. Maung, K. Inheritance of reaction to crown rust and other characters 
in oats. Unpubl. M. S. thesis. University of Minnesota, Minnea-
polis, Minn. 1950. 
15. Murphy, H. C. Physiologic specialization in Puccinia corona ta ave-
nae. U.S. Dept. Agr. Tech. Bull. 433:1-9. 1935. 
16. Reaction of oat varieties to cr-;;;;n rust in the 1952 Uniform 
Rust Nurseries. National Oat Newsletter. 3 :3 9-41. 1952. 
1 7. , T. R. Stanton, and H. Stevens. Breeding winter oats resist-
~ to crown rust, smut and cold. Jour. Amer. Soc. Agron. l:._9: 
622-637. 1937. 
18. Osler, R. D. and H.K. Hayes. Inheritance studies in oats with parti-
cular reference to the Santa Fe type of crown rust resistance. 
Agron. Jour. 45:49-53. 1953. 
19. Simons, M.D. Physiologic specialization and inheritance of resist-
ance to specific races of Puccinia corona ta Corda var. avenae F. 
and L. Unpubl. Ph.D. thesis. Iowa State College Library, Ames, 
Iowa. 1952. 
20. Torrie, J. H. Correlated inheritance in oats of reaction to smuts, 
crown rust, stem rust, and other characters. Jour. Agr. Res. 59: 
7 83 - 8 04. 1939. 
21. Weetman, L. M. Genetic studies in oats of resistance to two physio-
logic races of crown rust. Phytopath. 32:19. 1942. 
IOWA STATE COLLEGE JOURNAL OF SCIENCE 
Vol. 30 No. 2 November 15, 1955 pp. 229-241 
GERMINATION AND RESPIRATION RESPONSES OF 
MYROTHECIUM VERR UC ARIA TO ORGANIC FUNGICIDES1 
Alma Toevs Walker 
Department of Botany and Plant Pathology, Iowa State College 
The extent of economic damage by fungi is reduced either by elimina-
tion of conditions favoring their growth or, where this is not possible, 
by control with appropriate fungicides. Few, if any, of these compounds 
qualify under more than a limited number of conditions. Consequently, a 
considerable variety of fungal toxicants has been developed and the num-
ber continues to increase in response to problems arising from different 
susceptibilities among fungi, relative toxicity to ~igher plants or animals, 
and differing conditions of use. Currently, the selection of an effective 
fungicide is largely based on laboratory screening tests for inhibition of 
growth and on results in practical use. However, more efficient choice 
and development of improved fungicides could derive from an understand-
ing of the mechanisms of toxic action on the metabolism of fungi. 
The effects of toxic action can be measured by slide-germination tests, 
on seeded agar with toxicant in diffusion cells , on streaked agar plates or 
in broth cultures with toxicant in the media, or in related variations of 
these. Such results show that growth is or is not inhibited but offer no 
definite clue to the mechanism of action. Manometric methods applied 
to fungi can measure effects of toxicants on respiratory metabolism and 
may also reveal the type as well as the degree of inhibition. 
Relatively little is known of the nature of toxicant action, but com-
pounds similar to some of the fungicides are known to inhibit respiration 
and, in some cases, specific enzyme systems. Organic Hg compounds 
may inhibit enzymes containing an SH group by mercaptide formation(l8~ 
Since yeast carboxylase and alcohol dehydrogenase, which contain SH 
groups, are inhibited by quinones, it has been suggested that the similar 
inhibitio.ns of spore germinatiJn of Monilia fructicola and of fermentation 
of Fusarium solani f. pisi were brought about by inhibition of these en-
zymes in the fungi (7,~ Hoffman-Ostenhof (9), however, considered the 
mode of action of quinones to be complex, since they inhibit enzymes both 
with and witnout SH groups. The halo- and nitrophenols affect respiration 
and, probably, assimilation by uncoupling phosphorylation from oxidation 
(2, 13, 16 ). Although both types of phenols are described as metabolic 
inhibitors with similar action, the halogenated compounds are generally 
stronger fungicides (13, 20). Among organic sulfur compounds some de-
rivatives of dithiocarbamic acid also !1ave proved to be effective fungi-
cides. Their toxicity has been attributed to the action of undissociated 
molecules at high concentration and dissociated molecules at low concen-
trations in the case of tetramethylthiuram disulfide ( 6) and, ·with dis odium 
1Journal paper No. J-2620 of the Iowa Agricultural Experiment Station, 
Ames, Iowa. Project No. 1088. 
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ethylenebisdithiocarbamate, to alteration of spores by addition of SH 
groups and to precipitation of trace metals essential to spores as metal-
lic salts of ethylenebisdithiocarbamic acid (1 ). A volatile substance re-
leased by these derivatives inhibits germination of spores or conidia not 
otherwise in contact with the toxicants (3, 19 ). Another interpretation 
may apply to tetramethylthiuram disulfide since the analogue, tetraethyl-
thiuram disulfide (Antabuse), inhibits xanthine oxidase (15). 
The present approach to the complex problem of mechanism of action 
is to compare the effects of representative organic fungicides or similar 
compounds on the germination and respiration processes of a fungus. 
This approach should indicate the extent to which fungicidal action is 
based on respiratory inhibition and perhaps also provide clues to the 
actual site of action. 
MATERIALS AND METHODS 
One of the most strongly cellulolytic species of fungi used in standard 
cellulose degradation tests, Myrothecium verrucaria QM460* was chosen 
because of its rapid and abundant growth. Sporulation took place in 4 
days on starch-free filter paper laid over a modified Fries medium con-
taining micronutrients (17 ). Cultures were maintained by point-inocula-
tion to detect variants, and after 2 to 3 weeks incubation at 3o•c were 
used to prepare spore suspensions for inoculation of spore-production 
cultures. The latter produced spores of uniform age within about 4 days 
which were used in germination tests or as inocula for mycelial cultures. 
Of the nine organic fungicides** tested, actidione, p-benzoquinone 
{BO), and disodium ethylenebisdithiocarbamat~ (DSE) were soluble in 
water, in most of the concentrations used. Tetrachloro-p-benzoquinone 
(TCBQ), 2, 3-dichloro-l, 4-naphthoquinone {DCNQ), pentachlorophenol 
(PCP), 2, 4-dinitrophenol (DNP ), tetramethylthiuram disulfide (TMTD), 
ethyl mercury chloride {EMC), and DSE at high concentrations, were 
dissolved in 1. 0 or 2. 0 ml. of methyl cellosolve, dioxane, or ethanol be-
fore adding water to a total volume of 100 ml. Because of rapid re-
precipitation, TCBQ and DCNQ were filtered through a bacterial filter 
and the saturated solution used. All the compounds were prepared and 
tested in true solution. Glassware in contact with the toxicants was 
chemically cleaned in a hot acid bath of concentrated sulfuric and nitric 
acids or in chromic acid solutions. 
Spores for germination tests were harvested in water from suspension 
inoculated cultures (not less than 5 nor more than 14 days old, giving 
spore ages of 1 to 10 days). They were washed 3 times by centrifugation 
and then resuspended in 10 ml. of water. Counts from 11 cultures made 
with a Levy counting chamber showed an average of 1. 8 x 108 spores/~1. 
Accordingly, a O. 5 ml. aliquot of spore suspension was centrifuged, 
*The two cultures of..!.• urrugerta QM460 were kindly provided by Dr. E. 
T. Reese, Philadelphia Quartermaster General laboratories and by Dr. H. 
G. Shirk, Prevention of Deterioration Research Center, Washington, D.C. 
ff'!'he tungicides were supplied by the following companies: Actidione, The 
UpJ.ohn Co.; BQ, Fisher Scientific Co.; DCNQ, DNP, PCP, TCBQ, and TllTD, 
Eastman Kodak Co.; DSE and EMC~ E.I. DuPont DeNemours Co., Inc. 
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decanted, and resuspended in 10 ml. of Mandels and Norton ( 10) nutrient 
solution at 4x concentration to give a count of about 9 x 106 spores/ml. 
One-half ml. of this spore suspension added to each tube of control or 
serial dilution of toxicant (dose ratio of 1 . 5 or 1. 1) brought the total vol-
ume to 2. 0 ml. with a final spore density of 30 to 50 per high-power fi!i!ld. 
Four drops on two slides for each dose provided 10 to 15 fields in which 
the total spore population, 3 00 to 500, gave precision to the tests. Each 
pair of slides was supported on U-shaped glass rods laid on wet filter 
paper in a petri dish. The covered petri dishes were then placed in a 
moist-chamber and the spores were incubated at 3o•c for 4.5 to 5hours. 
The standard manometric technique for the respiration of tissue de-
scribed by Umbriet, Burris, and Stauffer (21) were followed and the "di-
rect" or two-flask method was used for measuring C02 evolution. All 
experimental work with the Warburg respirometer was done at a tem-
perature of 3o•c and pH of about 6. 2. Washed spores were suspended in 
10 to 15 ml. of water or nutrient (10) with a count of about 1.2-1.8 x 108 
spores/ml. One ml. of this suspension was added to each Warburg flask. 
Toxicant in a series of dosages and water or water and solvent were added 
to make a total volume of 3. 0 ml. Control flasks contained the same 
concentration of spores in nutrient and solvent as the test series . Spore 
suspensions in aliquots of 3. 0 or 4. 0 ml. in tared small tubes were cen-
trifuged, the liquid decanted, and the spores dried at lOo•c for dry weight 
determination. 
Suspensions of mycelial pellet s were produced in liquid cultures by a 
modification of the procedure of Darby and Goddard (4). Twenty-five ml. 
aliquots of medium were inoculated with spores at a concentration of 2. 4 
to 3.5 x 106 spores/ml. and incubated at 3o•c for 24 hours on a New 
Brunswick rotary shaker (176 cycles per minute) . The culture medium 
was then removed by centrifuging the mycelium in three successive 
washes of buffer solution . Suspensions of 10 to 12 ml. of wet mycelium 
in about 60 to 75 ml. of inor ganic buffer provided a pipettable suspension 
of which 1. 0 ml. was used for each flask. The medium in the Warburg 
flask consisted of 0. 167M potassium phosphate, O. OOlM magnesium sul-
fate, and 0. 02M glucose at pH 6. 2. Aliquots of 25. 0 ml. of mycelial 
suspension, washed and filtered on tared sintered-glass crucibles, were 
used for dry weight determinations. 
Percentage inhibition of germination or respiration was plotted against 
toxicant concentration on logarithm-probability coordinates. LD50 values 
were determined graphically from the dosage-response curves obtained 
according to the method of Wilcoxon and McCallan (25 ). The s lope de-
fined for this work is the ratio of LD30/LD70. 
RESULTS 
Germination and Respiration. 
Germination of -controls in the slide tests was rarely less than 100 
per cent after 4. 5- to 5-hour incubation periods. The final concentration 
of organic solvent, one per cent or less, delayed germination slightly, if 
at all. The Wilcoxon-Mc Callen (25) test of a 19/20 · range factor applied 
to trials of all the toxicants examined indicated that an adequate number 
of spores was counted to determine the LD50 value within 2 per cent. 
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The rate of spore respiration increased very rapidly; the percentages 
of increase of each hour over the preceding one were successively about 
40, 25, and 6. The rate reached a constant value during the fourth hour. 
Swelling of spores during the first two hours was followed by germination 
of a small number during the third hours. Solvent at a concentration of 
1 per cent or less usually inhibited respiration 3 or 4 per cent but oc-
casionally up to 20 per cent. Respiratory quotients of spores in nutrient 
averaged 0. 96 for the first hour and 1. 03 for the second. The average 
dry weight of spores was 3. 25 mg. per ml. and the Qoz about 8 0 micro-
liters Oz per mg. for the first hour. The rate of increase in dry weight 
could not be determined accurately because insoluble salts in the nutrient 
were precipitated during the course of the experiment. The dry weight, 
therefore, was based on an aliquot of the original spore suspension in 
water at the same concentration as in nutrient. 
As pointed out by Darby and Goddard (4), the density of inoculum af-
fected the size, number, and condition of the mycelial pellets grown in 
shake-cultures. At concentrations of 2. 9 x 10 7 or more spores per ml. 
the cultures remained dark with ungerminated spores, and at 3. 2 x 1 o5 
or less spores/ml. the mycelial pellets were too large for pipetting. 
Spore concentrations of 2. 4-3. 5 x 106 per ml. produced colonies of 0. 2-
0. 5 mm. diameter which were easily pipetted . Respiration rates were 
measured on cultures incubated 18 to 29 and 41 to 48 hours. Since maxi-
mum Ooz values were obtained from those incubated 24 to 29 hours, a 
24-hour growth period was chosen for all mycelial cultures. One ml. of 
the final suspension contained an average dry weight of 4. 14 mg. and 
gave an average Oz consumption of about 250 microliters per hour, or an 
average Qoz of 60. Inhibition of respiration by 1 per cent solvent some-
times reached- 8 to 10 per cent. Pure Oz in the system had little or no 
effect on the respiration of 24-hour mycelium but increased the rates for 
43- and 4 7 -hour cultures, 23 and 15 per cent, respectively. Unlike the 
accelerating respiration of spores, the rate for mycelium was relatively 
constant over a period of two hours. The respiratory quotient for 24-hour 
rnycelium with 0. 02M glucose as the carbon source was 1 . 10 for seven 
experiments. No COz was produced anaerobically. 
Effects of Toxicants. 
The data for comparison of the compounds are presented in Tables 1 
and 2 as mean LD50 values and standard errors, rank, and mean slope 
values during periods of maximum sensitivity. Table 3 illustrates the 
changes in percentage inhibition of Oz consumption by spores with time. 
Comparative inhibition of Oz consumption and COz evolution of spores is 
shown in Table 4. The range of inhibition of spore respiration at dosages 
inhibiting 99 per cent of germination and maximum percentage inhibition 
of respiration are also reported. Responses of spores and mycelium in 
respiration tests are compar.ed as to LD50 values and time patterns of 
response. 
Quinones. Of the three compounds tested in this group, BQ was the 
only one whose absolute concentration in solution was known. Although 
dissolved in dioxane or ethanol, TCBQ and DCNQ tended to precipitate 
readily on addition of water when made up at 10 ppm. Values for the 
filtered solution are reported as fractions of saturated solution and a 
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maximum concentration of 0. 82 saturation was used in the trials. Satis-
factory germination tests were obtained for BQ and DCNQ throughout the 
range of inhibition from 1 to 99 per cent but only to 80 per cent for TCBQ. 
Dosage-response curves of BQ for mycelial respiration were linear and 
inhibition of respiration reached 95-100 per cent at 75 ppm. At low con-
centrations, however, all three quinones stimulated Oz consumption. 
Ethyl mercury chloride. Table 1 shows that EMC was the most toxic 
compound in the germination and mycelial respiration tests and was sec-
ond only to actidione in the spore respiration test. On the basis of LD50 
values, germination was significantly more sensitive to EMC than spore 
respiration. However, at levels of toxicant which inhibited germination 
99 per cent, spore respiration was inhibited 40- 70 per cent. Inhibition 
of spore respiration increased with 'time, the LD50 averaging 25 per cent 
lower in the second hour than in the first. Maximum inhibition observed 
was about 97 per cent. Comparison of inhibition of COz evolution and Oz 
consumption in Table 4 shows no evidence of difference in sensitivity of 
these two phases of respiration to EMC. Tables 1 and 2 show that myce-
lial respiration was about half as sensitive as spore respiration and that 
the slope of the dosage response curves of the former was considerably 
lower. Furthermore, there was no evidence of change in inhibition of 
mycelial respiration with time as in the case of spores. 
Table 1. Mean LD50 values and standard errors (ppm) and rank during 
one-hour periods of maximum sensitivity. 
Spore My ce11a1 
Toxicant Germination Respiration Respiration 
EMC 1.82 + 0 .24 (1) 2.38 + 0.40a (2) 5.5 + 1.0 (1) 
Actidione 2.71 + 0.20 (2) 1.01 + 0.19 (1) 8.0 + o.2a (3) 
PCP 6.2 + 0.14 (3) 9.0 + 0.07 (3) 7.8 + 0.9 (2) 
TMTD 9.7 + 1.1 (4) 26.3 + 3.3 (4) 58 + 2 (4) 
BQ. 10.4 + 1.0 29.6 + 1.9 
DSE 28.6 + 3.0 ( 5) 54 + 4a ( 5) "> 500 (6) 
DNP 87 + 8 (6) 135 + 7 (6) 101 + 13 (5) 
DCNQ 0.25+0.0lb 0.60-:j: o.ogb 
TCBQ 0.72~0.21b 0.68"T o.o6b 
8 Maximurn sensitivity of spores t o EMC and DSE occurred in the second 
hour and of mycelium to actidione in the third hour. 
bvalues are in fractions of saturated solution, less than 10 p.p.m. 
Actidione. The effect of actidione on germination and respiration of 
M. verrucaria has been reported previously (22) and only sufficient data 
-;;e given here for comparison with the other toxicants. Table 1 indicates 
that actidione was second only to EMC in toxicity to germination. It was 
unique among the toxicants investigated in having greater toxicity to spore 
respiration than to germination on the basis of LD50 values. In fact, the 
LD50 for respiration (0. 74 ppm) was even lower when measured over a 
30-minute period than that given in Table 1. However, even at toxicant 
levels causing 99 per cent inhibition of germination, 20-40 per cent of 
spore respiration remained. Decrease in spore respiration inhibition 
with time was more pronounced with actidione than with any of the other 
toxicants. Inhibition of mycelial respiration also decreased at lower 
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Table 2. Mean slopes of dosage-response curves for germination and 




Germination Res.eiration Res_2iration 
EMC 0.85 0.32a 0.13 
Actidione 0.88 0.08 0.248 
PCP 0.81 0.54 0.67 
TMTD 0.80 0 .3'7 .0.40 
BQ 0.81 0.48 
DSE o.eo 0.458 
DNP 0.88 0.76 0.55 
DCNQ 0.85 0.3'7 
TCBQ 0.75 0.68 
8 M1ximurn sensitivity of spores to EMC and DSE occurred in the 
second hour and of mycelium t ·o actidione in the third hour. 
concentrations (below 10 ppm) but increased with time at higher levels of 
toxicant. Both the LD50 and slope values for inhibition of mycelial res-
piration were much higher than those for spore respiration. On the other 
hand, maximum inhibition of respiration for both was about · 85 per cent. 
Finally, no significant difference was found in percentage inhibition of 
COz evolution and Oz consumption by spores. 
Pentachlorophenol. The LD50 values for this toxicant did not show 
the marked differences among the three tests common to the other com-
pounds (Tables l and 2 ). Inhibition of spore respiration decreased with 
time (Table 3) so that the mean LD50 for the second hour was about 15 
per cent higher than for the first, and the slope increased significantly. 
Maximum inhibition of respiration for mycelium and spores were 89 and 
94 per cent, respectively, at 36-50 ppm. At levels of PCP causing 99 
per cent inhibition of germination, spore respiration was inhibited 50-65 
per cent. Again no significant difference was found in sensitivity of COz 
evolution and Oz consumption mechanisms of spores (Table 4 ). 
Tetramethylthiuram disulfide. This toxicant showed a wider range of 
LD50 values for the three tests than any other except the relat~d dithio-
c~rbamate derivative, DSE (Table 1 ). The values for inhibition of spore 
respiration and mycelial respiration were 2. 7 and 6 times that for ger-
mination. The former decreased rapidly with time while the latter did 
not change. As a result, the sensitivity of spore respiration during the 
third hour was about the same as that of mycelium. Because of limited 
solubility, maximum inhibition of respiration could not be determined. 
At levels of TMTD causing 99 per cent inhibition of germination, spore 
respiration was reduced only 20-55 per cent. The sensitivity of spore 
respiration as measured by COz evolution and Oz consumption was the 
same (Table 4). 
Disodium .ethylenebisdithiocarbamate. This dithiocarbamate deriva-
tive was less toxic in all three tests than TMTD and, in fact, caused no 
inhibition of mycelial respiration up to 500 ppm (Table 1 ). In contrast to 
TMTD, DSE caused increasing inhibition of spore respiration with time 
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Table 3. Change in percentage inhibition of Oz consumption by spores 
with time. 
Dosa ge (p.p.m.) end Per Cent 
Toxicant Inhibition LD50 SloEe 
EMC (3-7) p.p.m. 1.8 3.6 5.4 7.1 
1st hr. ~ bS 74 -gg 2.5 0.28 
2nd hr. 54 73 82 90 1.6 0.27 
Actidione (2-2B) p.p.m. 0.17 o . . 34 o.51 
1st hr. ~4652"" 0.45 0.10 
2nd hr. 13 28 46 0.57 0.34 
3rd hr. -3 -1 12 
4th hr. -5 -5 -1 
PCP (3-6) p • p .m. 7.1 10.7 14.3 1'7 .7 
1st hr. ~~-rrr -sr 9.2 0.46 
2nd . hr. 9 57 78 83 10.2 0.75 
TMTD (3-10) p.p.m. 20 30 40 50 
1st hr. ~ 53 62 85 27 .6 0.41 
2nd hr. 25 33 46 69 38.5 0.42 
3rd hr. 23 7 16 36 58.0 0.66 
DSE (2-23) p.p.m. 20 40 60 80 100 
1st hr. IT '30 40 ~ -m5 100 0.12 
2nd hr. 15 30 51 65 ?6 59 0.45 
DNP (2-7) p.p.m. 107 128 150 172 385 
1st hr. ~ ~ -ire BI 94 136 0.78 
2nd hr. -10 42 67 85 93 134 0.77 
3rd hr. -10 46 62 89 94 132 0.80 
except at the lowest concentrations, and the LD50 for the second hour 
averaged about 40 per cent less than for the first hour in 8 trials. The 
typical example in Table 3 shows that in addition to the increasing inhibi-
tion at higher concentrations there was decreased inhibition below 40 ppm, 
which resulted in a large increase in slope of the dosage-response curve 
in the second hour. A maximum inhibition of spore respiration of 83 per 
cent was reached between 80 and 190 ppm. Although the LD50 values for 
COz evolution and Oz consumption of spores were the same, there was 
evidence of somewhat higher slope value for the former. Finally, toxi-
c ant levels causing 99 per cent inhibition of germination inhibited spore 
respiration only 30-55 per cent. 
2, 4-Dinitrophenol. This was the least toxic of all the compounds tested 
on germination and spore respiration {Table 1). Like PCP it was slightly 
more toxic to mycelial respiration than to spore respiration. Unlike PCP, 
however, inhibition of spore respiration did not change significantly with 
time {Table 3 ). Respiration of both spores and mycelium was stimulated 
at low concentrations of DNP. A maximum inhibition of spore respiration 
of 94 per cent was reached at about 385 ppm. Toxic ant levels causing 
99 per cent inhibition of germination inhibited spore respiration 30-65 
per cent. Finally, as with the other toxicants, no significant differences 
were observed in the sensitivity of COz evolution and Oz consumption of 
spores {Table 4). 
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Table 4. Comparison of 0 2 and C02 inhibition of spore respiration with 
time. 
Dosage (p.p.m.) and Per Cent 
Tox1cant Inhibition LD50 S1oEe 
EMC (3-30) p.p.m. 2.0 4.0 6.0 
1st hr. 02 ,39 64~ 2.79 0.30 
2nd hr. 49 80 85 2.04 0.39 
1st hr. C02 41 66 75 2.6:5 0.30 
2nd hr. 53 82 86 1.89 0.37 
Actidione (1-26) p .p .m • 0.7 1.4 
1st hr. 02 · 67 73 0.13 0.02 
2nd hr. 61 80 0.52 0.29 
3rd hr. 33 73 0.94 0.51 
1st hr. c·o2 53 69 0.60 0.17 
2nd hr. 63 80 0.44 0.24 
3rd hr. 37 77 0.87 0.51 
PCP (3-29B) p.p.m. 7 .1 10. 7 14. ,3 
1st hr. 02 26~-m 9.2 0.65 
2nd hr. 12 47 71 11.1 0.66 
1st hr. C02 22 63 63 9.5 0.67 
2nd hr. 12 45 68 11.5 0.65 
TMTD (3-27) p.p.m. 20 30 50 
1st hr. 02 "55 67 8I 22.0 0.38 
2nd hr. 27 50 81 30.0 0.50 
1st hr. C02 46 69 85 21.2 0.42 
2nd hr. 25 49 84 29.5 0.57 
DSE (2-25) P • P .m • 40 80 120 
1st hr. 02 ~ ~ SS 64 0.25 
2nd hr. 27 70 79 58 0.51 
1st hr. C02 33 59 74 63 0.33 
2nd hr. 24 79 86 56 0.62 
DNP (2-16) p.p.m. 100 125 
ls t hr. 02 ~ 'iO 115 0.85 
2nd hr. C02 7 64 120 0.89 
DISCUSSION 
The QM460 M. verrucaria strain proved to be well suited for this study. 
Spore producti~ on the Sinden, Mix, and Siu (17) medium was abundant, 
and the cultures only rarely showed nonsporulating variants. Spore yields 
were excellent and untreated spores almost always germinated 99 to 100 
per cent in drops of Mandels and Norton's medium (10) onglass s1ides. 
Mycelium production in the shake cultures, likewise, was quite repro-
ducible and ·Very similar in character to that reported by Darby and 
Goddard (4, 5). 
The. respiratory properties of both spores and mycelial pellets also 
were generally in good agreement with those of previous reports. The 
RESPONSES OF MYROTHECIUM VERRUCARIA 237 
0o
2 
for spore respiration, 80, was higher than that, 63, found by Mandela 
and Norton (10), but this difference may have been due to the fact that the 
former value was based on initial dry weight while the latter was on dry 
weight at the end of the first hour after some growth had occurred. The 
only significant difference in mycelial respiration from the report of 
Darby and Goddard (4) was the higher RQ, for which there is no present 
explanation. 
Germination LD50 values for the toxicants studied with M. verrucaria 
ranged from about 2 to 90 ppm in the following orde.r: EMC, actidione, 
PCP, TMTD, BQ, DSE, and DNP. It is difficult to compare the sensi-
tivity of M. verrucaria to those compounds with reports on other fungi 
because ~ differences in germination tests used. In the case of TMTD, 
however, M. ·verrucaria appears to be less sensitive than the fungi stud-
ied by Matrlen et al. (11 ), and with actidione it is of intermediate sensi-
tivity compared .;Ith the species tested by Whiffen (24) and Wallen et al. 
(23 ). All the toxicants tested in the present work gave linear dosag;-
response curves for germination, whose slopes were steep and of similar 
values (0.74-0.88), in agreement with the report. of McCallan etal. (12) 
that organic fungicides generally give steep slopes. - -
With the exception of act idione, the LD50 values of the toxicants for 
spore respiration were all higher than for germination but ranked in the 
same order. The ratios (respiration/germination) ranged from 0.4 to 
2. 6 for the periods of maximum sensitivity . It must be recognized that 
this difference may have b e e n affected by the higher spore d ensity (20-
30x) used in the respiration tests. If M . verrucaria spore s accumulated 
toxic ants to the extent observed in the ~ecent work of Miller ~ ~l. ( 14), 
the higher spore density in the respiration tests might be expected to 
have required even higher toxicant concentrations than those u sed to give 
the same dosage on a spore weight basis. However, the sensitivity of 
respiration at the LD50 level is apparently greater in comparison with 
germination than is indicated above on the basis onl y of toxicant concen-
tration in the medium. The fact that the relative order of LD50 values 
for r espiration and germination was the same would indicate . that the ex-
tent of accumulation, if it occurred, may have been similar for the vari-
ous compounds. Until studies of accumulation such as those of the Boyce 
Thompson group are made with the toxicants used in the present work, it 
will be impossible to determine what effect this phenomenon would have 
on the interpretation of the relative dosage response of respiration and 
germination. 
The slopes of dosage-response curves for spore respiration varied 
more among the toxicants and, with exception of DNP, were much lower 
than for germination. In most cases {especially DSE, PCP, DNP, and 
actidione) the curves showed breaks above LD50 which seemed to be due 
to the fact that respiratory inhibition reached maximum levels less than 
100 per cent. Only with EMC, and possibly DNP, was inhibition of spore 
respiration essentially complete. Thi's may indicate that there are res-
piratory pathways in M. verrucaria which are insensitive to the other 
toxicants. Not only did most of the toxicants not completely inhibit spore 
respiration even at relatively high concentrations - but the levels which 
were just sufficient to stop germination (LD99) caused only partial inhibi-
tion of res_piration. Variation among the toxicants both in the maximum 
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percentage inhibition and in that at 99 per cent inhibition of germination 
constitutes one type of evidence of differences in their action on respira-
tion. 
The toxicants also varied in the effect of time of treatment on inhibi-
tion of spore respiration. Inhibition by EMC and DSE increased with time, 
particularly at the higher concentrations of the latter. This increase was 
due more likely to slow penetration than to decreasing sensitivity during 
spore germination since mycelial respiration was much less sensitive, 
especially in the case of DSE. Another possible cause of increasing in-
hibition with time would be chemical change in the toxicants to more ac-
tive compounds. Conversely, inhibition of spore respiration decreased 
with time at all concentrations of TMTD, at levels of acticlione initially 
inhibiting up to 60 per cent, and at low levels of PCP and possibly DSE. 
Only DNP showed little or no change in inhibition with time.- Possible 
reasons for the rapid recovery of spore respiration were investigated in 
the case of actidione (22). The results showed that there was no signifi-
cant decomposition of actidione during the incubation period and that 
spores removed the t~xicant from the medium. Whether the recovery 
was due simply to decreasing spore sensitivity or whether actual detoxi-
cation was involved has not yet been determined. 
Comparison of sensitivity of C02 evolution and 0 2 consumption of 
spores gave no evidence of difference in mechanism of respiratory inhi-
bition among the toxicants. The only differences observed were in the 
somewhat higher slopes of the C02 dosage-response curves of the dithio-
carbamate derivatives. 
With the possible exception of PCP and DNP, the LD50 values for 
mycelial respiration were all higher than for spore respiration. The 
difference was most striking with DSE; to which the mycelium was only 
about one-tenth or even less sensitive than the spores . In all cases the 
differences in LD50 values would be somewhat higher, since an average 
of 4.14 mg. of mycelium was used per flask as compared with 3.25 mg. 
of spores. On the basis of equal dry weights of tissue, ·mycelium was 
about a third more sensitive to the phenols and two to eight or more times 
more resistant to EMC, actidione, and DSE than were spores. Clear-cut 
changes in inhibition of mycelial respiration with time were observed 
only with actidione. Maximum inhibition values for mycelial respiration, . 
where they were determined, were roughly the same as for spore respi-
ration. Finally, comparison of slopes of dosage-response curves for 
respiration of mycelium and spores showed no apparent correlation. It 
is evident that this group of toxicants varied considerably in their rela-
tive effects on spore and mycelial respiration, but the extent to which 
this was que to changes in permeability rather than to changes in meta-
bolic properties of the organism during growth can not yet be decided. 
The present work indicates that in comparing the action of fungicides 
on germination and respirati.on it is important to consider not only LD 
values but also the nature of the dosage-response curves and the changes 
in inhibition with time as well. On this basis the group of compounds 
studied has shown a sufficiently close correlation of toxicity to germina-
tion and respiration to warrant further investigation of the mechanism of 
respiratory inhibition. The pattern of respiratory inhibition has also in-
dicated possible differences among the toxicants in mechanism of action. 
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To determine with more certainty the extent to which fungicidal action is 
based on respiratory inhibition and to locate the site of action, it will be 
necessary to investigate the effect of the toxic ants on specific metabolic 
pathways and individual enzyme systems. Finally, although the data 
presented indicate a general relation between germination and respira-
tion inhibition, the toxicity indices are sufficiently different to question 
the use of either germination or respiratory data as the sole basis of 
fungicidal assay. 
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SUMMARY 
The effect of nine representative organic fungicides on Myrothecium 
verrucaria was measured by comparison of LD50 values, slopes of dosage-
response curves, and time of treatment for germination and spore and 
mycelial respi ration. Althou gh the LD50 values in germination tests were 
lower t han those for respiration, the greater spore density in the latter 
indicated that respiration may have b e e n more sensitive than germination. 
With the exception of actidione, the toxicants ranked in the same order of 
activity. Mycelial respiration was generally less sensitive than spore 
respiration. Changes in inhibition of spore respiration with time among 
the toxicants and variation in maximum inhibition indicated possible dif-
ferences in mechanism of action. No difference in sensitivity of C02 
evolution and 0 2 consumpti on of spores was observed. 
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MEASUREMENT OF SOIL TEMPERATURE 
WITH LA BORA TORY MERCURY -IN-GLASS THERMOMETERS1 
Quaiyum Hamid2 and Robert H. Shaw3 
In the study of certain problems the evaluation of soil temperatures 
becomes important. The instruments used to measure soil temperature 
vary widely and many are quite expensive. Several types are available, 
the most common being the liquid-in-metal recording soil thermograph, 
thermocouples, and the mercury-in-glass soil thermometer. 
Soil thermographs consist of a metal cylinder or sensitive element 
which can be buried in the soil for an indefinite time. The sensitive ele-
ment, which is connected to the recording part of the instrument by a 
small tube, is filled with a liquid which expands or contracts as the soil 
temperature changes. This activates a bellows which controls the pen. 
The thermal sensitive element has a relatively large heat capacity and 
lags behind rapid temperature changes in the soil. These instruments 
are costly, but have the advantage of being self-recording. Mail (1937) 
found 2-3 • F differences with thermocouples, if the thermograph was not 
installed with care. Turnage ( 1937) found a discrepancy of 1-3 ° F if the 
recording part of the instrument was at a widely different temperature 
than the sensitive element. This was partially counteracted by installing 
the recording part where a minimum of diurnal fluctuation would be en-
countered. 
Thermocouples, formed by the junction of two dissimilar metals, have 
a small heat capacity because of the small size of the thermojunction and 
will indicate rapid changes in temperature. The disadvantage of thermo-
couples is that a reference junction must be maintained at a known tem-
perature or a compensating type reference junction must be used. Auto-
matic recorders are available but expensive. 
Mercury-in-glass thermometers used for measuring soil temperatures 
are of several types. In one type the thermometer has an angle or bent 
tube. The bulb end is inserted into the soil to the desired depth while the 
bent section lies on or at an angle to the surface. This makes the ther-
mometer somewhat easier to read. Straight tube thermometers may be 
of the type used by the U.S. Weather Bureau, where the thermometer is 
enclosed in a wooden case, open at the bulb end and above the ground 
where the scale is marked. The thermometer itself is in contact with 
the soil only at the bulb end. These thermometers are permanently in-
stalled and do not have to be moved to be read. In another straight type 
1Journal paper No. J-2635 ot the Iowa Agricultural Experiment Station, 
Ames, Iowa. Project Nos. 797 and 996. 
2Formerly Point IV Trainee, Agricultural Climatology, Iowa State Collegef 
now in charge, Agricultural Meteorological Section, Pakistan Meteoro-
logical Department, Karachi, Pakistan. 
3Associate Professor of Agricultural Climatology, Agronomy Department, 
Iowa State College. 
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the thermometer is hung in a steel pipe, and the thermometer is pulled 
out to be read. Another type has a metal point in which the thermometer 
bulb is located. These thermometers are pushed .into the soil to the depth 
desired, but can only be used to measure temperatures a few inches 
deep. 
If none of the regular soil thermometers are available, the possibility 
of using laboratory, mercury-in-glass thermometers may arise. These 
are easily obtained, and because of the low cost can be used in numbers 
which may not be possible in the other types. 
Certain errors are present in mercury-in-glass thermometers. 
1. Elastic error . if a thermometer which has been at a high tempera-
ture suddenly changes to a low temperature it wi ll be in error by a small 
amount. Because of relatively slow changes in soil temperature this er-
ror is negligible. The glass bulb may also contract over a period of time 
although this can .be corrected for by recalibration if the ac.curacy of the 
experiment requires it. 
2. Emergence of stern error. An error introduced if the entire ther-
mometer is not in a medium of the same temperature . Although difficult 
to evaluate exactly, it is small for mercury-in-glass thermometers that 
would be used for soil temperature measurements. This error is dis-
cussed in Middleton {1942). 
3. Parallax error. An error introduced due to the observer not read-
ing the thermometer from the proper level. This can be eliminated • by 
careful observation. 
4. Radiation error. Ari error caused by radiation to or from the ther-
mometer. In the bent type or laboratory thermometer no protection is 
present, and the radiation error might become appreciable. For ther-
mometers enclosed in a wooden case, the case acts as a radiation shield. 
5. Conduction error. An error due to heat being conducted along the 
stem as a result of temperature gradient in the surrounding medium from 
one end of the thermometer to the other. Conduction down the stem may 
allow the heat received by radiation on the stern of the thermometer to be 
conducted to the bulb in the ground . . For the thermometer in the wooden 
case, this should be small . An examination of the coefficient of conduc-
tivity of glass and moist soils shows them to be in the same range. Where 
glass has a coefficient of O. 0015 cal/sec/cm2/C 0 /cm, fine sandy loam 
had a coefficient of 0. 0026 and wet kaolin a coefficient of 0. 0014. Con-
duction down the stem may not be a large error in wet soils. 
The purpose of this study was to measure the effect of different meth~ 
ods of exposing laboratory mercury-in-glass thermometers in measuring 
soil temperatures. Only the average error was considered and no at-
tempt was made to evaluate the errors for individual readings. 
PROCEDURE 
A bare ground plot 100 by 60 feet was subdivided into 8 replication~ 
for this study. Four methods of exposure were used: 
1. Thermometer perpendicular to ground surface with no shielding. 
2. Thermometer at an angle of 45 • to the ground surface with no 
shielding. 
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3. Thermometer perpendicular to the ground surface with an alumi-
num foil shield. 
4. Thermometer at an angle of 45 ° to the ground surface with -an alu-
minum foil shield. 
The shield consisted of a cylinder of aluminum foil approximately 3/4 
inch in diameter which was placed over the part of the thermometer above 
the ground. Other more efficient shields could be designed but it was not 
believed the time spent would be worth the accuracy gained. The ther-
mometers were graduated in half degree Fahrenheit units and read to the 
nearest tenth of a degree. 
Observations were taken on both clear and cloudy days at ap·proxi-
mately 2:30 P.M. in early summer at depths of 1, 3, and 6 inches. Tem-
peratures at this time of day are near the maximum at shallow depths. 
Radiation errors would be expected to be larger during this time of day 
than at night. 
RESULTS .AND DISCUSSION 
Since radiation is a dominant factor in soil temperatures, differences 
might be expected due to it. To investigate this, the data were divided 
into two groups, days clear and days cloudy at the time of observation. 
The cloud cover experienced during the investigation was largely of the 
cumulus type. 
The average soil temperatures measured at the various depths by the 
different methods of exposure are given in Table 1. Temperatures fo~ 
different depths were not taken on the same day. 
Table 1. .Average soil temperatures measured by four methods of expos-1 
ing thermometers and by thermocouples, with differences from 
thermocouples in parenthesis . .Average of 8 days for each cloud 
cover. 
Cloud Perpendicular Slanting Perpendicular Slanting Thermo-
De Eth cover unshielded unshielded shielded shielded couple 
l" Cloudy 88.7 (+1.0) 89. 3 ( +1. 6) 87.3 (-0.4) 87.7 (0) 87.7 
l" Clear l 02. ·9 ( + 1. 0) 103. 3 (+1.4) 99. 7 (-2. 2) 1 00. 4 (- 1. 5) 101. 9 
3" Cloudy 81.0(0) 80.6 (-0.4) 80. 9 (-0.1) 80. 0 (-1. 0) 81. 0 
311 Clear 89.0(+1.0) 88. s ( +o. s) 88. 8 ( +o.~ 8) 88.4 (+0.4) 88.0 
6" Cloudy 80.1 (0) 79 . 3 (-0.8) 80.0 (-0.1) 79.1 (-1.0) 80.1 
6" Clear 84. 4 ( +o. 8) 83. 2 (-0. 4) 84. 2 ( +o. 6) 82. 6 (-1. 0) 83.6 
A statistical analysis of the data show a statistically significant dif-
ference, at the l per cent level, for methods of exposure at the 1 11 depth, 
on both clear and cloudy days_. .Although the differences were smaller 
for cloudy days, the error was also smaller. .A comparison . of the per-
pe,ndicular_ and slanting ~x_posures showed a significant difference at _ ~e 
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5 per cent level, while shielded and unshielded differed significantly at 
the 1 per cent level. Shielding resulted in the ground being shaded around 
the thermometer with generally cooler temperatures. Unshielded read-
ings were higher than the thermocouple readings. On cloudy days the 
shielded thermometers were more accurate. The slanting unshielded 
thermometer, being at a more direct angle to the radiation, and because 
more of the thermometer was in contact with the hot surface soil, was 
heated the most. 
The differences were also about the same for the 3 and 6 inch depths. 
Differences between methods of exposure were significant for all except 
clear days at the 3" depth, where th,. error term was quite large. In all 
other cases the error term was very small. The differences between 
thermometer and thermocouple for both depths were 1 ° F or less. At the 
3" and 6" depths there was little advantage in any method of ·exposure. 
The slanting shielded thermometer gave the largest differences from the 
thermocouples. At the 6 11 depth the difference between perpendicular and 
slanting exposures was highly significant on both clear and cloudy days. 
The diffe_rence was not significant for shielded and unshielded thermome-
ters. Differences between replications were quite small and were not 
significant in any case. 
In most problems of agricultural interest, soil temperatures measured 
within 1 • F of the true value are of sufficient accuracy. Except for the 
l" depth, all four methods of exposure gave an accuracy within this limit. 
No method of exposure was decidedly better than the others. 
The cloudy days in this experiment do not represent days overcast for 
the entire day since no weather of this type occurred during the period of 
observation. The partly cloudy days, with the sun obscured by clouds at 
the time of observation, at least partially reduced any error due to radia-
tion falling on the thermometers. 
On overcast days with a heavy cloud cover, or at night, one would ex-
pect the error to be small. Data for individual days with heavy overcast, 
or clear or cloudy nights, taken with the thermometers exposed perpen-
dicular to the ground surface, show the error to be within!-• F at 1 inch, 
with practically no error at 6 inches . 
On the basis of these observations, laboratory thermometers exposed 
perpendicularly to the ground surface measure soil temperature with an 
error of about 1 ° F for depths of l". For greater depths the error is 1 °F 
or less on clear days and for cloudy days almost zero. Unless great ac-
curacy is desired, these thermorreters give a satisfactory estimate of 
soil temperature at these depths. At shallow depths the error could be 
considerably greater if the thermometer was exposed at an angle of 45 •. 
Shielding of the type used did not increase greatly the accuracy. It ap-
pears that an unshielded thermometer will give an estimate of soil tem-
peratures below l" of sufficient accuracy for most agricultural problems• 
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SUMMARY 
Laboratory mercury-in-glass thermometers were used to measure 
soil temperature at 1 11 , 3 11 , and 6 11 depths by means of four methods of 
exposure. 
1. Thermometer perpendicular to ground surface with no shielding. 
2. Thermometer at an angle of 45 ° to the ground surface with no 
shielding. 
3. Thermometer perpendicular to the ground surface with an alumi-
num foil shield. 
4. Thermometer at an angle of 45 ° to the ground surface with an alu-
minum foil shield. 
Under clear skies unshielded thermometers exposed perpendicular to 
the surface had an error of 1 ° F or less. Under cloudy skies, except for 
the 1 11 depth the error was negligible. The error was always positive. 
An aluminum shield increased the accuracy very little. Exposing the 
thermometer at a 45 • angle resulted in slightly lower average errors at 
3 11 and 6 11 but a slightly larger error at the 111 depth. Shielding this ther-
mometer at 111 increased the accuracy for cloudy days, but decreased the 
accuracy on clear days. 
It appears that the laboratory mercury-in-glass thermometer can be 
used to measure soil temperatures below 111 with an average error of 
1 ° F or less . The advantage of these t h ermometers is the i r low cost, 
thus allowing them to be used in much l a r ger numbers . 
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VIRUS SPREAD IN NURSERY BLOCKS OF SOUR CHERRIES 
IN SOUTHWEST IOW Al 
O.F. Hobart, Jr., H.C. Fink, and W.F. Buchholtz2 
Spread of virus into and within nursery blocks of young cherry trees 
could be a major factor in virus contamination in such blocks. Con-
versely, evidence for lack of spread would assure the possibility of pro-
ducing a virus-free crop from virus-free budwood and virus-free under-
stock seedlings. The first approach to this problem was to determine 
whether there was or was not any virus spread in sour cherry blocks in 
southwest Iowa nurseries. Reported here is positive evidence of such 
spread during the growing seasons of 1949, 1951, and 1952. 
Recorded Observations of Virus Spread in Sour Cherries 
Spread of virus in sour cherry orchards has been observed by several 
workers. Keitt and Clayton (2) kept records of virus incidence in five 
orchards {2593 trees) for five years and reported an annual increase of 
approximately 3 per cent. Rasmussen (6) observed in one orchard a 
rate of spread of only 1 per cent per year, while in another the rate of 
spread was 21 per cent per year. Lewis (3) felt that some young trees 
were infected when set in the orchard and that virus was spread from one 
tree to another in the orchard. On the other hand, Mills (4), as late as 
1936, stated: 
Since prevailing temperatures following the petal fall stage cause 
a great variation in the apparent amount of virus yellows present 
in an orchard from year to year, it appears that no data to date, 
based on the apparent incidence of yellows in two different years, 
prove or disprove spread of the cherry yellows virus after the 
trees are set in the orchard. 
In 1947, Mills reiterated that there was no definite evidence that the yel-
lows virus was spreading in the orchard (5 ). 
Observations by Willison, Berkeley, and Chamberlain (8) in Canada 
during a period of years prior to 1948 revealed that a greater percentage 
of trees are likely to be infected with necrotic ring spot than with yellows 
when the orchard is set out and that rates of spread are largely deter-
mined by initial incidence and by the relative position of affected and 
"healthy" trees at planting. Their observations furthermore revealed 
1 Journal paper No. J-2636 of the Iowa Agricultural Experiment Station, 
Ames, Iowa. Project No. 1060. Taken from theses submitted by the first 
two authors for the degree, Doctor of Philosophy. 
2
Plant Pathologist, United Fruit Company, Guaro,Cuba1 Associate Professor 
ot Plant Pathology, Pennsylvania State College1 and Associate Professor, 
Iowa State College, respectively. 
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that cherry yellows tends. to spread more frequently to adjacent than to 
more remote healthy trees and its dissemination appears to be influenced 
to some extent by prevailing winds. In 1949. Willison (7) reported a 
range of incidence of cherry yellows of from 5 . 1 to 90. 0 per cent and 
annual incidence of new cases in the range of 0.0 to 39.6 per cent in the 
orchards surveyed. 
The observations to be reported in this paper are based on periodic 
indexings of sour cherry trees in nursery blocks. No other such re-
corded observations have come to the authors 1 attention. 
PROCEDURE 
In each case a sample of 100 trees in a particular cherry nursery 
block was indexed during early or midseason and the same or a compar-
able sample indexed again late in or at the end of the season, in one case 
after the next season. During the 1952 season, the 100 tree samples in 
three blocks consisted of ten lots of ten consecutive trees in the row. 
with an eleventh inoculated tree in the center, so as to yield an indication 
of pattern as well as amount of spread. 
Unless otherwise stated, all indexing was on Prunus tomentosa, which 
has been found to be a reliable indicator plant for virus which induces 
necrotic ring spot on sour cherry (1 ). 
Amount of Spread in 1949 and 1951 
In 1949, samples of trees from each of two Montmorency sour cherry 
blocks were indexed on July 16 and similar samples were indexed on 
September 1. Both blocks had been propagated from indexed virus-free 
Montmorency buds so that presumably the only virus in them was that 
introduced through the rootstock. One was isolated one-fourth mile from 
other Prunus; the other actually was part of a commercial block of cher-
ries, a sample of the remainder of which had been indexed and 32 per 
cent of the trees found to contain virus. 
Samples from the unisolated block were found to contain 9 and 3 7 per 
cent of infected trees on Jul y 16 and September 1, respectively, a highly 
significant difference according to the chi-square test. Similarly, sam-
ples from the isolated block were found to contain 2 and 8 per cent of in-
fected trees on the respective dates, a nonsignificant difference. 
A sample of trees from a second isolated b lock, likewise propagated 
from indexed virus-free budwood, was also indexed on September 1, 1949, 
and found at that time to contain 20 per cent of infected trees. A sample 
of already budded P. mahaleb understock seedlings in this block had been 
indexed on September 14, 1948, and found to contain 18 per cent of infec-
ted trees. 
It is evident that in all three of these blocks there was a higher per-
centage of infected trees at the second than at the first indexing. The 
increase was appreciable and numerically significant only in the uniso-
lated block. 
In 1951, a sample of 100 trees was "tnarked in each of three blocks of 
Montmorency cherries. Two blocks had been propagated from scionwood 
and root stocks of undetermined virus content and were not isolated from 
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other Prunus in the nursery. The third block had been propagated from 
indexed virus-free scionwood but on rootstocks of undetermined virus 
content, and was isolated by at least one-fourth mile from other Prunus. 
Samples in all three blocks were indexed on July 4 and again on .August 
4. Initial percentages of infected trees in the samples in the unisolated 
blocks propagated from commercial scionwood were 47 and 68; final 
percentages were 58 and 77, increases of 11 and 9, respectively. Initial 
and final percentages for the sample in the isolated block propagated 
from indexed virus-free budwood were 9 and 13, respectively, an increase 
of 4. In all cases, trees found to contain virus by the first indexing also 
were found to contain virus by the second indexing . 
.Amount and Pattern of Spread in 1952 
The experiments in 1949 involved indexing two different random sam-
ples of single trees in a given block early and late in the growing season. 
In 1951, the same sample of single trees in a given block was indexed 
twice during the growing season. .A similar procedure was undertaken 
in 19~2, except that the 100 tree sample in a given block consisted of ten 
groups of ten consecutive trees in the row. .An eleventh tree, the middle 
one, in each group of ten - really eleven - was inoculated on June 25 
with a known source of necrotic ring spot and yellows. Each tree was 
then indexed three times, on June 25, again on .August 1, and finally on 
September 1 7. 
This procedure was followed in three commercial blocks of cherries, 
none of which was isolated and all of which had been propagated from in-
dexed virus-free budwood oncommercial understocks of undetermined 
virus content. Twenty of the 30 inoculations with known virus were suc-
cessful. There was failure of bud union in each case of unsuccessful 
transmission. Results of indexing on .August 1 and September 17 are 
presented in Diagram 1. Indexing on June 25 was a failure, apparently 
because of extreme immaturity of cherry buds inserted on~. tomentosa. 
Percentages of infected trees in the three blocks on .August 1, exclud-
ing inoculated trees, were 17, 10, and 12. The precentages in these three 
blocks on September 17 were 22, 16, and 18, increases of 5, 6, and 6, 
respectively. Examination of Diagram 1 reveals that of the 17 new cases 
according to the September 1 7 indexing, eight appeared in groups not ad-
jacent to previously infected trees and three were single trees isolated 
from other infected trees by one or more intervening healthy trees in the 
row. 
SUMMARY .AND CONCLUSIONS 
In three nursery blocks of sour cherry, in each of three years, 1949, 
1951, and 1952, samples of trees were indexed at intervals of 30 days 
(1951) and about 45 days (1949, 1952) during the growing season and, in 
one case, one year ( 1948-1949 ). In all instances there were more virus-
infected trees at the time of the second indexing than at the first. 
In three instances, two in 1949 and one in 1951, the increases in per-
centage of infected trees in isolated blocks seemed to be relatively small 
(2, 6, 4) as compared to increases in unisolated blocks during the same 
season { 28, 9, 11). The data are too limited to be conclusive, but are 
probably in accord with what might be expected. 
Diagram 1. Relative positions or v1rus-infec~ed Montmorency cherry trees 
in 30 11-tree groups in three nursery blocks in southwest Iowa 
according to indexings on August 1 and September 17, 1952. 
Group1 
Bloc~~- Block II --- -----iITocK" III 
tree nUJAbers tree nu~bers tree ~umbers 
1 2 3" 4 5 6"' 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11 
1 A A A A A A 
s s s s s s s s 
2 A A A A A 
s s s s s 
3 A A A A A A A A 
s s s s s s s s s s 
4 A A A A A A A 
s s s s s s s 
5 A A N s s s s l/'l 
~ 
6 A A A A A 
s s s s s 
7 A A A A A A 
s s s s s s s 
8 A A A A A A A A A It. 
s s s s s s s s s s s s s s s s s 
9 A A A A A 
s s s s s s s 
10 A A A A A 
s s s s s s 
1 ten groups, ll consecutive ~rees per group, in each block 
----------~ 
2 central, inoculated tree of e a ch group 
A infected according to August 1 indexing 
S infected according to September 17 indexing 
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The conclusion that there has been spread of virus in nursery blocks 
of sour cherries in southwes t Iowa seems inescapable. It should be 
pointed out that all blocks studied contained infected trees at the time of 
first indexing by virtue either of some infected understock seedlings or 
infected budwood. or both, or perhaps lack of isolation from other Prunus, 
some of which are known, by virtue of other experiments, to have con-
tained virus. Unfortunately, an isolated block propagated from indexed 
virus-free budwood on assuredly virus-free seedling understocks has not 
been available for study in southwest Iowa nurseries . 
Occurrence of a few apparently newly infected trees not adjacent to 
previously infected trees in the same row suggests dissemination by an 
above ground . vector. 
The general nature of these results indicates that in southwest Iowa, 
isolation and virtual absence of virus in cherry blocks at the beginning of 
the growing season are necessary for reasonable assurance of a low per-
centage of infected trees at the end of the season. 
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THE MEASUREMENT OF SOIL TEMPERATURE1 
Robert H. Shaw2 
Records of soil temperatures are important in the solution of many 
agricultural problems - emergence of crops, soil borne diseases, bacte-
rial activity and nutrient availability. At times, in order to get a better 
understanding of these problems, records of air temperatures are found 
inadequate. The soil temperatures must be measured. However, because 
of lack of instruments, the measurement of soii temperature may not al'." 
ways be a simple matter. 
The question often arises: when and where should measurements be 
taken? To answer, the use of the measurements must be known. The 
ideal situation would be to have a sufficient supply of recording instru-
ments available to measure all the desired locations. This is usually not 
feasible because of the expense involved. Many times a maximum, a 
minimum, or average temperature may suffice. Maximum and minimum 
thermometers will give this information, if available, but again may not 
be available because of the expense involved. To get the desired number 
of measurements it is often necessary to use mercurial thermometers. 
Since thermometers are not automatic recording devices, an observer 
must be present to record readings whenever they are wanted. In many 
cases, only maximum and minimum values are needed. When should 
these be taken? To answer this, one needs to know something about the 
time lag of heat movements in soils and the diurnal fluctuation. 
The present set of observations was designed to give samples of the 
diurnal pattern at several depths and the time lag of maximum and mini-
mum temperature occurrence at different depths. 
METHODS AND RESULTS 
Observations were taken using copper constantan thermocouples and a 
Brown recording potentiometer. Thermocouples were buried in Webster-
Clarion mineral soil at depths of O, t, ~, 1, 2, . 4, 8, and lZ inches, and 
in river sand and muck at depths of 0, 1, 2, and 4 inches. The sand and 
muck areas were established by digging wide holes in the mineral soil and 
filling these with muck and sand, so that all three ·soils were side by side. 
Data presented in Figs. 1, 2, and 3 were taken July 11-12 during a period 
of relatively clear skies. The soil was very dry during this period. 
Data taken July 14-15 during a period of general cloudiness with light 
rain on the 14th are presented in Fig. 4. 
1Journal paper No. J-2666 of the Iowa Agricultural Experiment Station, 
Projects 197 and 996. 
2Associate Professor ot Agricultural Climatology, Agi-onOf1f1 Department, 
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5 feet, July 14-15. 
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DISCUSSION 
The primary source of energy for heating the soil is radiant energy 
from the sun. Rainwater, because of its relatively large specific heat, 
exerts a powerful effect on soil temperatures during times of precipita-
tion and cannot be neglected. During cold seasons the net heat transport 
may be from below. Other sources of .heat energy are very small, and 
in most cases can be neglected . 
. If we assume only a vertical temperature gradient dt/dx exists, then 
the amount of heat W, which passes through a square centimeter area is 
given by 
w = /.. dt/dx 
where!.. is the heat conductivity of the soil in question. On the basis of 
this, o;:e might expect higher soil temperatures at greater depths with 
increasing conductivity. The amount of temperature fluctuation found is 
not expressed this simply, however. 
Geiger (1950) has presented the following equation to show the weaken-
ing of the temperature cycle with increasing depths: 
o2 = o1 exp {x1 -x2 ) (n pc /'AT)"-
02 = o1 exp {x1-xz) (n/T a)~ 
where a, called the thermal diffusivity, is defined by 
- a=/..../Pc 
Oz = range of temperature in degrees at depth Xz in cm. 
5 1 range of temperature in degrees at depth x 1 in cm. 
p = density of soil 
c = specific heat 
!.. = heat conductivity 
T = 86, 400 sec for diurnal heat wave. 
The range 5z at a depth is a function of both ~. the range at a shal· 
lower depth and a, an expression including density, specific heat, andheat 
conductivity. This expression says that as the conductivity increases, 
the diurnal range increases, and as the density and specific heat increase 
the range decreases. 
Geiger (1950) has also presented the equation for calculating the time 
lag of the movement of the maximum and minimum temperatures into the 
soil. Setting t 1 = time of reaching maximum or minimum temperature at 
depth xh tz = time of reaching maximum or minimum temperature at 
depth xz, the result presented by Geiger is 
- tz - t 1 = {xz-x1 ) (T/2n) (nP c/T/..)~ 
t 2 - t 1 = {x2 -xi} (T/2 n) (n/T a}~ 
or 




This equation can be reduced to a = 6870 (xz-xi)z/ (tz-ti)2 for the diur-
nal change of soil temperature, which is the same as an equation given 
by Richards (1952). The last equation provides a method for calculating 
a by temperature measurements. The various soil constants can be eval-
~ated by laboratory methods in order to compute a, but this is not a sim-
ple process. 
The data presented in Figs. 1-4 can be used to get an estimate of when 
maximum and minimum temperatures might be reached at different depths 
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fable 1. ~irr. e of reaching maximum tempera t ure and 
the diurnal range at different depths in 
sand, muck and mineral soil. 
July 11-12 
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ii-Temperature exceeded 1 irni t of instrument. Values estimated. 
in the surface foot. Even at a depth of one foot the lag is considerable. 
In Table 1 the time of reaching maximum temperature and the range at 
each depth are given for the data taken July 11-12 and July 14-15. The 
time of reaching maximum temperature should be relatively uniform 
throughout the growing season. An examination was made of several 
years soil thermograph data recorded at depths of 2 t inches and 6 inches 
at Ames. At the 2 t inch depth, fr om April to August, there was little 
variation in the average time of occurrence of maximum and minimum 
temperature. The same was true for the 6 inch depth. Smith (1929) found 
that as a general rule maximum and minimum soil temperatures occur 
within certain times after maximum and minimum air temperatures. He 
found the lag time to be one hour at ~ inch, 2 hours at 3 inches, 4 hours 
at 6 inches and 8 hours at 12 inches. Using a 5 foot air temperature as 
reference the data taken July 11-12 and July 14-15 show air temperature 
reaching a maximum after the 1 inch garden soil temperature and about 
the same time as the 2 inch soil temperature. Deeper depths lagged be-
hind air temperature. 
On the 15th because of cloudiness and moist surface soil the diurnal 
range was much smaller. Although the time of reaching maximum tem-
perature was slightly earlier, the time lag between each depth was almost 
the same. 
In Table Z the values of~ computed by means of a = 6870 (xz-xi)Z are 
(t2 -ti) 
given and the diurnal range computed from the formula 
52 = 51 exp (x1-x2)(T: )! are also given. 
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Diurna 1 range diurnal range diurnal range 
Substance (inches) formula at 2" or 4" at 2" or 4 11 
Sand 1-2 .01005 02 .. .858 01 43 33 
1-4 .01005 0 2 .. .633 01 32 24 
Mineral 1-2 .00492 02 - .808 01 29 30 
Soil l-4 . 00407 02 .. .486 01 17 19 
Muck 1-2 .00219 02 - .727 01 27 29 
1-4 .00251 0 2 .. .399 01 15 16 
2 




Mineral 1-2 .00342 02 .. .770 01 25 26 
Soil 1-4 .00342 02 .. .456 01 15 16 
Except for sand, the computed and measured diurnal range was very 
close. The sand showed an extremely large diurnal variation at 1 inch 
which accounts for the difference between observed and computed. No 
values were computed for the 14th because the rain penetrating into the 
soil would cause a change in soil temperature not due to conduction. 
If recording equipment is not available these equations may simplify 
taking certain measurements. For example, if either a set of maximum-
minimum soil thermometers, or a recording soil thermograph are avail-
able, it can be used to measure the diurnal range at one depth. If the 
time of reaching maximum temperature at another depth can be deter-
mined by thermometers, then by use of the equations the diurnal range 
at the second depth may be computed. This may greatly simplify the time 
spent in the field taking observations. 
Several general statements can be made about measuring soil tem-
perature. 
The data presented here for July 11-12 represent extreme diurnal 
ranges at the shallow depths for Iowa. On cloudy days, or days when the 
so.il is wet, the diurnal range would be smaller . 
To obtain maximum soil temperatures, measurements should be made 
from noon to 1:00 p.m. at the surface, 2:00 to 4:00 p.m. at 2 inches, 
4:00 to 6:00 p.m. at 4 inches, 5:00 to 7:00 p.m. at 6 inches and 10.00 to 
11:00 p.m. at 12 inches. Minimum temperatures should be recorded 
shortly after sunrise at shallow depths, about 2 hours after sunrise at 
4 inches, 3 to 4 hours after sunrise at 6 inches, up to 7 to 8 hours after 
sunrise at 12 inches. Over a period of time observations at these times 
should give a good measure of the average maximum or minimum tem-
perature. On individual days there may be errors because of changes in 
air mass, precipitation, and diurnal cloudiness. At depths of 6 inches 
or greater slight adjustments would neE!d to be made on the times of tak-
ing observations on sand and muck; slightly earlier for sand and slightly 
later for muck. 
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THE HYDROGENATION OF VITAMIN B 12 
John L. Ellingboe, John I. Morrison, and Harvey Diehl 
Department of Chemistry 
Iowa State College, Ames, Iowa 
Although the hydrogenation of vitamin B 12 was reported shortly after 
the isolation of the vitamin in crystalline form (3 ), little more has been 
done to establish the exact nature of the reaction other than to prove that 
cobalt is reduced to the bivalent state (2 ). In the present study we show 
that five hydrogen atoms are taken up, one molecule of base is liberated 
and that the base formed is methylamine as expected from the reduction 
of cyanide. That the oxidation of the reduced, bivalent form of the vita-
min, known as Bur• by oxygen is not simple has· been pointi!d out (2 ); a 
quantitative study of the oxygen uptake has now been made. 
EXPERIMENTAL WORK 
A . Quantitative Hydrogenation of Vitamin B 12 
Materials, apparatus, and procedure. 
The vitamin B 12 used was obtained from the Squibb Institute for Medi-
cal Research, New Brunswick, New Jersey. A solution of B 12 in deaerated 
water was prepared and the concentration of the solution determined 
spectrophotometrically on a suitably diluted aliquot. 
1% 
E 1 cm. = 204 at 361 mµ. ; mol. wt. taken as 1350. 
The hydrogenation apparatus used was the conventional, macro appa-
ratus consisting of a conical hydrogenation flask in which an aqueous 
solution of the material was stirred magnetically, a manometer, and a 
100-ml. buret. Mercury was used as the retaining liquid in the mano-
meter and buret. The conical flask was provided with a short side arm 
covered by a rubber cap (Fig. I, J) which could be pierced by a hypo-
dermic needle to permit injection of the sample following saturation of 
the solvent and platinum catalyst with hydrogen. For convenience in the 
subsequent oxygenation study, the flask was provided also with a second 
side arm (Fig. I, A) and was connected to the hydrogenation apparatus 
through two 90• elbows bearing ground glass joints. After catalyst and 
solvent had been placed in the flask, air in the apparatus was displaced 
by evacuating several times and admit!ing hydrogen after each evacuation. 
A measured volume of a solution of the vitamin was then introduced by 
means of a hypodermic syringe. Atmospheric pressure was maintained 
throughout the hydrogenation and the temperature of the solution was 
maintained within 1 • by surrounding the hydrogenation flask with a water 
bath. The hydrogenation was continued until the volume remained con-
stant for two hours. 
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Results. 
~ amount of hydrogen absorbed by vitamin B 12 stopped somewhat 
short of five in the two experiments (Table 1). The rate of hydrogenation 
depended markedly on the amount of catalyst present. 
Table 1. Hydrogenation of Vitamin B 12 • 
Final 
Experi- Wt. B 12* Wt. PtO volume Hz Total time 
ment (g.) (g.) (ml.atS.T.P.) (hours) 
1. 0.576 0.100 22.2 21. 5 
2. 0.991 0.114 38 .1 48.0 
*Dry basis as determined spectrophotometrically. 







Following the hydrogenation of B12 , the residual brown solution was 
filtered to remove the platinum catalyst and treated with oxygen in such 
a manner that the oxygen uptake could be measured (Fig. 1 ). The hydro-
genation flask was tilted up so that the solution could be drained through 
the side arm A; this was accomplished without disconnecting the flask 
from the hydrogenation apparatus by two 90 • rotations about the joints B 
and C, (Figs. I, II). The chamber F was filled with mercury so that 
by opening stopcocks E and G with H closed, the B 12r solution could be 
drawn through the fritted glass filter D. A hypodermic needle was then 
inserted through the rubber plug J in the hydrogenation flask and a stream 
of water injected to wash down the walls of the hydrogenation flask and 
the connecting tubing. 
A buret containing oxygen was attached at K. Oxygen was bubbled 
through the solution by properly opening L, M, H, and G. The oxygen was 
then taken back to the buret by reversing H. Oxygen was bubbled through 
the solution several times in this manner. Finally the change in volume 
of the oxygen was measured and the residual oxygen and evolved gases 
transferred to an Or sat apparatus. The carbon dioxide, oxygen, unsatu-
rated hydrocarbons and carbon monoxide were absorbed and measured in 
the usual manner. Unfortunately, the Ors at apparatus was not provided 
with combustion units by which the hydrogen and saturated hydrocarbons 
could be determined. 
Following separation from the oxygen and evolved gases, the solution 
of B 12a was treated with 1 g. of potassium cyanide dissolved in 5 ml. of 
water. The solution was added without introducing any air into the appa-
ratus. Over a period of twelve hours no gas was liberated. The pH of 
the solution was then adjusted to 7 with sulfuric acid and flushed with a 
stream of filtered air for two hours to sweep out hydrogen cyanide. An 
aliquot of this solution was suitably diluted· and its absorption spectrum 
obtained. 
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Figs. I, II, III. Apparatus for treating hydrogenated vitarnon B 12 with 
Oxygen. 
266 ELLINGBOE, MORRISON, and DIEHL 
.Results 
The oxygenation of the B 1zr solution from only the second hydrogena-
tion experiment was studied quantitatively. Oxygen, starting with a vol-
ume of 100 ml., was passed through the Bizr solution thirteen times, the 
decrease in volume on each of the last four passes amounted to less than 
0. 1 ml. or was not detectable. The total decrease in volume observed 
was 18. 5 ml. The residual gas was found to consist of 4. 43 ml. of car-
bon monoxide, 67.1 ml. of oxygen, and 11.1 ml. of unabsorbed gas, 
definitely not carbon dioxide, carbon monoxide, oxygen, or unsaturated 
hydrocarbon, but possibly hydrogen, saturated hydrocarbon or nitrogen. 
The oxygen consumed calculated by adding to the observed contraction 
in volume, the volume of carbon monoxide, and unidentified gas produced 
totaled 34. 0 ml.; calculated by subtracting the residual oxygen from the 
initial 100 ml. it totaled 32. 9 ml. Reducing the 34. 0 figure to standard 
conditions and conversion to atoms of oxyge·n, gave 3. 66 atoms of oxygen 
per molecule of Biz· The carbon monoxide formed amounted to 0. 23 
moles per mole of Biz· The volume of unidentified gas corresponded to 
0. 60 moles per mole of Biz. 
Inasmuch as only one-half an atom of oxygen would be required to 
oxidize the cobalt from two to three, it is apparent that a considerable 
amount of oxygen is used for other reactions. It is conceivable that 
molecular oxygen adds to the cobalt atom in the manner in which it adds 
to disalicylalethylenediimine cobalt ( 1 ). This prompted the final part of 
the experiment in which the oxygenated solution was treated with cyanide. 
No gas was liberated as would have been expected if cyanide displaced 
molecular oxygen from the cobalt. It is not safe, however, to conclude 
that attached molecular oxygen was not present, for Biza is a good cata-
lyst for certain oxidation reactions, and a catalytic oxidation of cyanide 
might well have occurred disallowing the evolution of any oxygen. 
In any case, the action of oxygen on Bizr causes some oxidation of the 
molecule as evidenced by the formation of carbon monoxide and some 
other gas. This explains the low yield of Biza obtained in the hydrogena-
tion-oxygenation of Biz. In spite of the changes which must take place in 
the molecule as a result of these operations, the material after treat-
ment with cyanide has the same absorption spectrum as vitamin Biz. 
C. Chemical Changes During the Hydrogenation of Vitamin Biz 
Apparatus, reagents, and procedure. 
The hydrogenation was carried out in the apparatus described in an 
earlier paper (2). 
The hydrogen was purified by passage through alkaline permanganate, 
vanadous sulfate, ascarite, and anhydrous magnesium perchlorate. 
Experiment 1. Base liberated during hydrogenation. 
The hydrogenation was carried out in a cell bearing side arms to ac-
commodate glass and saturated calomel electrodes. Ten ml. of a solu-
tion containing 1 mg. of Biz per ml. was hydrogenated over platinum 
catalyst. 
An increase in pH was observed as the hydrogenation progressed 
0 hrs., 7.25 pH, 0.5 hrs., 8.7 pH, and 7 hrs., 10.1 pH. During the 
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first 1. 5 hours the color of the solution changed from red to orange-red 
becoming brown only after this time. It is evident, therefore, that the 
reduction of cyanide preceded the reductions of the cobalt for the most 
part. 
Experiment 2. Absence of hydrogen cyanide and methylamine in the 
hydrogen discharge. 
The hydrogenation was carried out as in Experiment 1, the hydrogen 
leaving the apparatus being bubbled through a trap containing standard 
silver nitrate. After the hydrogenation was completed, the silver nitrate 
was made alkaline with ammonium hydroxide, a known excess of standard 
cyanide and a crystal of potassium iodide were added, and the solution 
was titrated with standard silver nitrate. No hydrogen cyanide was col-
lected in the trap and the same result was obtained in several repetitions 
of the experiment. 
In other hydrogenations, the effluent hydrogen was bubbled through a 
trap containing standard acid which was later back titrated with standard 
base. 
No base was carried over in the hydrogen stream. Working with a 
known amount of methylamine, it was shown that methylamine is not 
swept out of solution by a stream of hydrogen. 
Experiment 3. Quantitative titration of the base liberated on 
hydrogenation. 
Vitamin B 12 was hydrogenated for ten hours, the platinum filtered off 
{without exposing the solution to the atmosphere at any time), and the 
resulting solution titrated with 0. 00215 N standard hydrochloric acid. 
A glass electrode, saturated calomel electrode, and Backman model G 
pH meter were used for the titrations. 
The results of four such titrations are shown in Table 2 under "Fir st 
titration" . 
Table 2. Titration of base liberated on hydrogenation of vitamin Biz and 
on oxygenation of B 1zr. 
First titration Second titration 
Co present HCl required End-point HCl/Co HCl required HCl/Co 
~millieq. ) (millieq. ) (pH) (millieq. ) 
a) 0.00952 o: 00968 1.1015 
b) 0.01145 0.01107 7. 1 0.935 o. 0204 1. 78 
c} 0.02490 0.02580 4.8 1 . 045 0 . 0495 1. 98 
d) 0. 01420 (10.1) 0.0237 1. 67 
Experiment 4. Base formed on oxygenation of B 1zr· (Titration of B1za). 
Following the hydrogenation of Biz and the titration of the base formed, 
carbon dioxide-free air was passed through the solution. The solution 
was then again titrated potentiometrically with standard acid. The first 
titration was stopped and oxygenation made at pH 7.1 (titration b), at 4.8 
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(titration e), and at 10.1 (titration d) directly following hydrogenation. 
The vitamin Bua produced by oxidation required one equivalent of 
hydrochloric acid (Table 2) with somewhat less required when the oxyge-
nation was performed at higher pH. 
Experiment 5. Methylamine formed during hydrogenation. 
To the solution resulting from hydrogenation and oxygenation was added 
methanol and picric acid. After heating for 15 minutes, the mixture was 
cooled and the precipitate which formed filtered off. M.p.: 209-215•; 
m.p. of authentic methylamine picrate: 207°; mixed m.p.: 208-214•. 
To the solution resulting from hydrogenation and oxygenation was added 
sodium hydroxide and p-toluenesulfonyl chloride. The solution was acidi-
fied, cooled in a salt-ice mixture and the crystals which formed removed. 
M.p.: 72-75°; m.p. authentic p-toluenesulfonmethyl amide: 75°; mixed 
m.p.: 72-77·. 
CONCLUSIONS 
The hydrogenation of vitamin Bu proceeds with the absorption of 2. 5 
molecules of hydrogen, the cyanide being reduced to methylamine and the 
cobalt to a valence of two: 
RCo(III)CN + 5/2H2 = RCo(II) + CH3 NH2 
Although one_ equivalent of base is formed in the oxygenation of the re-
sulting Bur 
2RCo(II) + 1/202 + H 20 = 2RCoOH 
the oxygenation is not this simple for two molecules of oxygen are ab-
sorbed and carbon monoxide and at least one other gas are liberated. 
The yield of Bua in the hydrogenation-oxygenation operation is therefore 
low. 
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THE DISTRIBUTION OF NITROGEN 
IN THE MOLECULE OF VITAMIN Biz 
John M. Brierly, John L. Ellingboe, and Harvey Diehl 
Department of Chemistry, Iowa State Coll.ege, Ames 
Hydrochloric acid hydrolysis of vitamin Biz has yielded 5, 6-dimethyl-
benzimidazole (3,4), ribose (5), phosphoric acid (9, 16), l-amino-2-
propanol (11, 12, 19), ammonia (17), cyanide (6), and a red, acid fragment 
(15). Application of the Van Slyke amino nitrogen method has shown the 
absence of primary amine groups (14) and the presence of five amide 
groups (13); the presence of amide groups has been confirmed (2). A 
quantitative study of the hydrochloric acid hydrolysis products of vitamin 
Biz using the Craig countercurrent distribution technique led to a defini-
tive allocation of the nitrogen atoms in the molecule. 
EXPERIMENT AL WORK 
Materials. Vitamin Biz, obtained from the Squibb Institute for Medical 
Research, New Brunswick, New Jersey, was recrystallized from water. 
The absorption spectrum was identical with that reported for Biz (7 ). 
Vitamin B 12a was prepared by hydrogenation of recrystallized Biz, 
oxidation by air, and crystallization by the addition of acetone (18). 
Found: N 13.03, 13.20, 13.48 {Dumas, E.W.D. Huffman), 13.37 (Dumas, 
J. Alicino), Ave. 13.27; Co 4.24, 4.30 (colorimetric following digestion 
with perchloric acid, J.L.E. ), 4.26 (same, J.M.B. ), 4.42 (CoSo4 resi-
due, J. Alicino), Ave. 4.30. N:CO= 13.07. Allanalysesweremadeon 
the same lot of material and all after drying at 80° in a vacuum for four 
hours. 
Separation and determination of ammonia and l-amino-2-propanol. 
Mixtures prepared from standard solutions of ammonium chloride and 
l-amino-2-propanol (b.p. 159-160°) showed that distillation for exactly 
5 rninutes in the Parnas micro Kjeldahl apparatus at pH 8, phosphate 
buffer, yielded only ammonia. At seven minutes a detectable amount of 
l-amino-2-propanol distilled. Following distillation of ammonia, the 
residual solution was acidified and treated with excess periodic acid. 
The ammonia liberated was then distilled and titrated. The method does 
not, of course, distinguish l-amino-2-propanol from ethanolamine or 
other 1, 2-aminoalcohols. 
Quantitative determination of the products of acid hydrolysis. Vitamin 
B 12a was placed in a round bottom flask equipped with a gas inlet tube, 
dropping funnel, and reflux condenser: To the top of the reflux condenser 
was connected successively a trap containing silver nitrate solution, a 
U-tube containing anhydrous magnesium perchlorate, and a Turner bulb 
containing ascarite followed by anhydrous magnesium perchlorate. Air 
in the apparatus was displaced by the passage through the apparatus for 
three houi:s of nitrogen purified by passage over acid vanadous su~at~1 
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ascarite, and anhydrous magnesium perchlorate. The Turner bulb was 
then weighed. Sufficient deaerated 11. 6 M hydrochloric acid was then 
added to make the mixture 1. 00 M in hydrochloric acid. The mixture 
was then heated and maintained at 100 ° for 22 hours with a slow stream 
of nitrogen passing. The ascarite tube was again weighed. 
Following hydrolysis the solution was diluted with water in a colum-
etric flask and aliquots taken for the determination of cobalt and ammonia. 
The solution was then evaporated to dryness in a vacuum over anhydrous 
magnesium perchlorate and solid sodium hydroxide. The residue was 
then dissolved in 1 M hydrochloric acid previously equilibrated with iso-
butyl alcohol. This solution was extracted countercurrently in a glass 
. Craig apparatus with isobutyl alcohol previously equilibrated with 1 M 
hydrochloric acid. After forty transfers, the liquids in each of the tubes 
were rendered miscible . with ethanol, diluted in volumetric flasks and 
then analyzed for total nitrogen, ammonia, cobalt, benzimidazole, red 
acid fragment, and phosphorus. In addition, tubes 0 through 15 were 
analyzed for free phosphate and tubes 0 through 6 for 1, 2-aminoalcohols. 
Infrared spectra. Infrared spectra of Biz and of the red, acid frag-
ment were obtained in the form of Nujol mulls using a Baird double-beam, 
recording spectrograph. 
Mercurated Biz. Fifty mg .. of Biz were dissolved in 20 ml. of 95 per 
cent ethanol. Fifteen ml. of an alcoholic solution of 36.0 mg. of mer-
curic acetate and 3 drops of glacial acetic acid were added with stirring. 
After 5 hours, a drop of 1 N sodium hydroxide was added. The red, 
amorphous precipitate was removed by centrifuging and washed with al-
cohol. This material was readily soluble in dilute sulfuric acid with the 
liberation of mercuric ions. The infrared spectrum, obtained as a Nujol 
mull, was practically identical with that of Biz except in the region 6. 0 
to 6. 3 µ. where the amide bands were considerably modified. Analyses 
for cobalt and mercury gave a value of 2. 82 for the mercury to cobalt 
ratio. Attempts to crystallize the mercurated product failed, including 
one attempt to raise the pH slowly by the diffusion of trimethylamine into 
an aqueous solution of the mate rial. 
RESULTS 
The analyses made on the carefully purified specimen of Biza definitely 
establish the nitrogen-cobalt ratio as thirteen and by implication also the 
nitrogen-cobalt ratio of Biz .,;_s fourteen (addition of one cyanide). This 
result has been anticipated by Alicino's analysis (1) of Biz· 6HC104 • The 
molecular weight calculated on the basis of the cobalt analyses here re-
ported is 1370; this is probably a better value than others reported ear-
lier as the colorimetric cobalt determination is more reliable than the 
gravimetric sulfate method which suffers from incomplete elimination of 
phosphate and from the presence of silica and other nonvolatile material. 
Primary amino groups have been shown to be absent from Biz and Biza 
(14 ). The result of the Van Slyke-Plimer analysis indicates the presence 
of five acid amide groups. These are then the source of the five ammonia 
molecules liberated on acid hydrolysis (see below). In agreement with 
this, the infrared spectrum of Biz shows strong absorption bands at 6. 05 µ. 
and a shoulder at 6. 20 µ. which are not present in the spectrum of the red, 
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acid fragment. On the other hand, the red fragment has bands at 5. 60 
and 5. 80 µ indicating free carboxyl groups with some anhydride formation. 
No absorption of Biz occurs between 5 . 5 and 6. 0 µ ; the presence of lac-
tams is thus ruled out. The formation of mercurated Biz containing 2. 8 
mercury atoms per cobalt is about that expected for a material containing 
five amide groups. 
Vitamin Biza rather than Biz was selected for the quantitative hydrol-
ysis study to avoid the ambiguity which arises from the hydrolysis of 
cyanide, for during hydrochloric acid hydrolysis the .latter passes off as 
hydrogen cyanide in part and is hydrolyzed to formaide or to ammonium 
formate in part. The hydrolysis was carried out in the absence of oxy-
gen to avoid catalytic oxidation effects of Biza (8 ). 
No carbon dioxide was evolved during the hydrochloric acid hydrolysis 
of Biza· Ureide and similar groups are therefore absent. 
The overall results of the 40-transfer distribution of the hydrochloric 
acid hydrolysis products of Biza between isobutyl alcohol and 1 M hydro-
chloric acid were: 
1. Sufficient separation of the nitrogen-bearing products was obtained 
that, when coupled with suitable analytical methods, a definite alloca-
tion of the various nitrogen atoms became possible. 
2. The red fragment moved rapidly, concentrating for the mo st part in 
tubes 37 through 40, but with minor. amounts of brownish material re-
maining in tubes 0 through 3 6. 
3. The benzimidazole concentrated in tubes 11 through 25 as evidenced 
by the absorption of 27 8 m µ and by the maximum in the total nitrogen 
analysis occurring at tube 15. 
4. Ammonia remained in tubes 0 through 5. 
5. The l-amino-2-propanol distributed in tubes 0 through 6 as shown by 
both the difference between the ammonia and total nitrogen values and 
by the periodate oxidation analysis for 1, 2-aminoalcohols. 
6. For the most part the cobalt accompanied the red fragment but some 
8 per cent of the total was found in the first tubes as free cobalt. 
7 . The major part of the phosphorus accompanied the benzimidazole, 
tubes 8 through 23, but 15 per cent of it was found as free phosphoric 
acid in tubes 0 through 7 and some 6 per cent accompanied the red 
fragment into tubes 3 7 thro~gh 40. That free phosphoric acid was 
present in tubes 0 through 7 was shown by direct phosphate determina-
tion without digestion and by a determination of the distribution coef-
ficient of phosphoric acid in the solvent system employed. The maxi-
mum of the Craig distribution of a material with this distribution co-
efficient (0.14) occurs in tube 5, where it was found experimentally. 
The phosphorus which accompanied the red fragment benzimidazole 
was bound phosphorus. 
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Fig. 1. Craig distribution of the hydrochloric acid hydrolysis products 
of vitamin B 12a.501.3 mg. B 12a (8.95 per cent water), 1.0 M 
hydrochloric acid, 100 °, 22 hours. Distribution system: . iso-
butanol-1 M hydrochloric acid. 
Total nitrogen determined by Kjeldahl (total recovery: 97. 3 
per cent). 
Cobalt determined colorimetrically following perchloric 
acid digestion (total recovery: 97 :4 per cent). 
Benzimidazole as measured by absorbency at 278 m µ. (con-
centration assumed to be directly proportional to absorbency). 
Red, acid fragment as measured by absorbency at 346 m ·µ. 
(concentration assumed to be directly proportional to absorbency} . 
.Ammonia determined by 5 minute distillation (pH 8, phos-
phate buffer) and titration (total recovery 41. 4 per cent of the 
total nitrogen in all tubes). 
Total nitrogen minus ammonia nitrogen, presumably l-
amino-2-propanol. 
1, 2-aminoalcohols as determined periodate oxidation-dis-
tillation-titration method. 
l -amino-2-propanol, theoretical distribution. 
Phosphorus determined colorimetrically following per-
chloric acid digestion (total recovery: 103 per cent). Inorganic 
phosphate, tubes 0 through 6 identical with total phosphorus. 
25.0 
24.0 
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It is somewhat arbitrary where the cuts are made between the various 
fractions but quite clearly the different types of nitrogen can be distri-
buted and the numbers of their atoms established. 
Tubes 25 through 40 contained 30. 5 per cent of the total nitrogen cor-
responding to 3. 96 of the thirteen nitrogen atoms of the molecule. The 
inclusion of two or three tubes one way or another in the calculation 
changes the value from 3. 96 by less than O. 2. 
Of the total nitrogen, 17. 6 per cent fell in tubes 7 through 24. This 
corresponds to 2. 29 nitrogen atoms. The benzimidazole bears two nitro-
gen atoms so a little extra nitrogen was carried into this region. 
The ammonia nitrogen, tubes 0 through 6, amounted to 5. 3 7 moles of 
nitrogen as calculated by dividing the ammonia nitrogen by the total nitro-
gen in all tubes and multiplying by 12. As shown by the analysis of known 
mixtures, the distillation method tends toward high results for ammonia 
and the number of ammonia molecules formed is undoubtedly five. Five 
ammonia would be expected from the hydrolysis of five amide groups (13 ). 
Calculated as the difference between total Kjeldahl nitrogen and am-
monia nitrogen, 12. 1 per cent of the total nitrogen fell in tubes 0 through 
6; this corresponds to 1. 57 atoms of nitrogen. Calculated from the perio-
date-ammonia determination 11. 8 per cent of the nitrogen fell in these 
same tubes; corresponding to 1. 53 nitrogen atoms. The amount of l -
amino-2-propanol, or strictly of 1, 2-aminoalcohol, is thus short of two. 
This discrepancy is probably a combination of two factors: incomplete 
separation of ammonia and aminoalcohol in the distillation process, and 
carry-over of aminoalcohol into the benzimidazole region, perhaps as a 
compound with the aminoalcohol still attached to the benzimidazole-
bearing fragments. The excess ammonia above 5 and benzimidazole 
above 2 if added to the aminoalcohol bring the value fo 2. 23. The agree-
ment between the experimental and the theoretical distribution curves for 
l-amino-2-propanol (distribution coefficient 0.065, 0.077, 0.080, Ave. 
0.074) is not exact (Fig. 1) but is close enough to support the interpreta-
tion just presented. Probably both nitrogen atoms are derived from l-
amino-2-propanol in agreement with the finding of Char gaff and co-work-
ers (10) and contrary to the results of the BritishDrugHouses group(ll), 
although the possibility of one molecule of l-amino-2-propanol and one 
of another 1, 2-amino-alcohol is not excluded by the present work. 
The thirteen nitrogen atoms of B 1za are thus distributed as follows: 
1 5, 6-dimethylbenzimidazole 
2 1, 2-aminoalcohols 
(both l-amino-2-propanol?) 
5 acid amide 
red, acid fragment 





Tubes 25 to 4 0 contained only 84. 3 per cent of the cobalt. Inasmuch 
as these tubes contained nitrogen corresponding to 3. 96 nitrogen atoms, 
it is apparent that about 15 per cent of the red acid fragment has been 
stripped of its cobalt. Of the remaining cobalt, 8. 17 per cent was present 
in tubes 0 through 4; this was present as cobaltous ion as shown by direct 
colorimetric measurement. Some 7 per cent of the cobalt fell in tubes 5 
through 24 as brownish cobalt compounds, quite possibly as derivatives 
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Table 1. Separation and determination of ammonia and 
l-amino-2-propanol. 
Ammonia l-Amino-2-propanol 
Taken Found Taken Found 
(mg.) (mg.) (mg.) (mg.) 
0. 171 0. 182 0.903 - -* 
0.171 0.176 0.903 - -* 
0. 171 0.179 0.903 0.887 
0.171 0.173 0.903 0. 864 
*Not determined. 
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of the benzimidazole fragments. The presence of cobaltous ion and of 
phosphate in the first tubes and of phosphorus in the tubes containing _the 
red fragment explain the difficulties which have been encountered in puri-
fying the red fragment. Coupled with anhydride formation and with varia-
tion in the nature of the groups occupying the remaining coordination po-
sitions about the cobalt atom, the mixture is indeed a formidable one to 
separate. 
SUMMARY 
Application of the Plimmer modification of the Van Slyke amino nitrQ-
gen determination has shown the presence of five amide groups in vitamin 
Biz. A quantitative determination of the hydrolysis products of vitamin 
Biz has shown that five molecules of ammonia are liberated, that two 
nitrogen atoms are present in a form which does not yield ammonia on 
acid hydrolysis but does yield ammonia on treatment with periodic acid 
(one or both possibly 1, 2-arninoalcohol), and that the nitrogen to cobalt 
ratio in the red acidic fragment is four. 
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DETECTION OF CHERRY VIRUS IN PRUNUS MAHALEB1 
O.F. Hobart, Jr. and W.F. Buchholtz2 
Of immediate practical concern in nursery production of virus-free 
sour cherry trees is assurance of freedom from virus in Prunus mahaleb 
understock seedlings. Satisfactory detection of virus in fairly large sam-
ples of such seedlings would be possible with a readily propagated plant 
which expresses definite symptoms at a range of temperatures when 
grafted with virus-infected buds of P. mahaleb. 
An unusually convenient indexing-method, if feasible, would: be to use 
the P. mahaleb seedlings themselves, in a manner similar to the "indi-
rec"ti• method of Moore and Keitt (4) with cherries. For P. mahaleb to 
be so usuable, it would need to exhibit very distinct virus iitency plus a 
similarly distinct cross protection among a wide . range of virus sources. 
It would also need to express distinct symptoms when first infected with 
virus - before latency. 
Experiments reported in this paper definitely point to failure of P. 
mahaleb to express any symptoms reliably at high greenhouse tempe~­
tures and to lack of virus latency in it at temperatures favorable to symp-
tom expression. P. tomentosa, o n the other hand, reliably expressed 
symptoms when budded with virus-infected P. mahaleb buds, and when 
budded with virus-infected cherry buds, expr~ssed symptoms at each of 
three greenhouse temperatures. 
Pertinent Previous Information 
Suitability of P. tomentosa as an index plant for cherry virus es capa-
ble of inducing n;crotic ring spot has been reported by Fink (1). His com-
parisons were of P. tomentosa with virus-free sour cherry, P. cerasus, 
and to a limited e~tent with peach, P. persicae. Fridlund r~cently re-
ported (2) that in comparisons with Montmorency sour cherry, peach, and 
Kwanzan and Shirofugan varieties of flowering cherry {P. serrulata), P. 
tomentosa was a satisfactory index plant for necrotic ri~ spot virus. -
The "indirect" method reported by Moore . and Keitt (4) for detection 
of necrotic ring spot virus in cherry involves inoculating an "unknown" 
tree with virus. Subsequent expression of symptoms indicates initial 
freedom from virus in the unknown; conversely, failure of symptom ex-
pression indicates initial presence of virus. This pattern of behavior is 
based on the phenomena of latency and cross protection, which are dis-
tinct in cherry. 
1 Journal paper No. J-2672 of the Iowa Agricultural Experiment Station, 
Ames, Iowa. Project No. 1060. Taken from a thesis submitted by the 
first author to the graduate faculty at Iowa State College, tor the 
degree, Doctor of Philosophy. 
2 Plant Pathologist, United Fruit Sugar Compaey, Guaro, Cuba, and Asso-
ciate Pro.tessor, Iowa State College, respectively. 
278 HOBART and BUCHHOLTZ 
According to experiments reported by Moore and Keitt (3 ), necrotic 
ring spot symptoms were expressed by inoculated sour cherries kept at 
constant greenhouse temperatures of from 16 • to 28 • C, but more rapidly 
and with more necrosis at the higher temperatures. High greenhouse 
temperatures were likewise favorable to symptom expression by P. 
pumila, !:· virginiana, ~. americana, and~. besseyi. -
EXPERIMENTS 
The data to be· presented were accumulated from two experiments. 
One involved a series of potted P. mahaleb seedlings which were, in or-
der: (a) indexed on P. tomento;-a to insure initial freedom from virus; 
(b) inoculated with virus and incubated at one of three greenhouse tem-
peratures and observed for symptom expression; (c) set in the field 
to oversummer and become dormant, and heeled in until mid-winter; 
(d) again indexed on P. tomentosa, and (e) again inoculated with virus 
and observed for symptom expression. Step (b) enabled a determination 
of extent of symptom expression by P. mahaleb at greenhouse tempera-
tures of 60°, 70°, and 80°F {Table 2). Step (d) yielded an evaluation of 
validity of indexing for virus in P. mahaleb on P. tomentosa. Step (e) 
provided evidence of lack of cherry virus latency in P. mahaleb {Table 3). 
The second experiment involved a series of pottedP. tomentosa seed-
lings which were inoculated with virus and incubated i~ the greenhouse at 
60°, 70°, or 80°F, and indicated satisfactory expression of symptoms at 
all three temperatures (Table 4). 
Virus sources used in the two experiments are listed, with descrip-
tions, in Table 1. All were supplied by Dr. J. D. Moore, University of 
Wisconsin. 
RESULTS 
Symptom Expression by~. mahaleb at Three Greenhouse Temperatures 
Nine P. mahaleb seedling trees were inoculated with each source of 
virus; 14 sources and 126 seedlings altogether. There were nine uninocu-
lated check seedlings. For each virus source and the uninoculated check, 
three seedlings were incubated in a 60° greenhouse, three in a 70° green-
house and three in an 80°F greenhouse. All were observed periodically 
for symptom development. 
Foliation and growth were rapid in the greenhouse maintaine4 at 80.F, 
but in no case were any symptoms observed at that temperature-{Table 2). 
Much the same situation prevailed at 70 • F, except that there was definite 
mottling of leaf lamina on two of three seedling trees inoculated with 
virus sources B-1-12 and B-3-22, and very mild leaf mottling on two of 
three seedlings inoculated with source B-1-4 and on two of three seed-
lings with source G-20-5. 
All trees in the 60 ° F greenhouse exhibited definite but variable symp-
toms, except for one of thr~e trees inoculated with virus source_ G-Z-1, 
one of three wl.th source M-3-17, one of three with source M- 7- 74, and 
one with source G-2-7. These all exhibited mild or questionable symp ... 
toms. Even at 60°F, symptom expression by!:· mahaleb was not a~ 
striking as is usual on E· tomentosa or sour cherry. Typical examples 
of leaves from plants at the three temperatures are shown in Fig. 1. 
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. Table 1. Descriptions of virus sources used to inoculate P. mahaleb and 
P. tomentosa. 
Virus source Descri;etion 
B-1-12 Necrotic ring spot 
G-2-1 Necrotic ring spot 
G-5-1 Necrotic ring spot 
B-1-4 Necrotic ring spot and yellows 
B-3-23 Necrotic ring spot and yellows 
M-3-17 Necrotic ring spot and yellows 
Local Necrotic ring spot and yellows 
M-7-74 Necrotic ring spot and yellows (mild) 
B-3-22 Necrotic ring spot, yellows, and pmne dwarf 
G-2-7 Necrotic ring spot, yellows, and prune dwarf 
G-20-5 Necrotic ring spot, yellows, and prune dwarf 
G-17-4 Necrotic ring spot, yellows, and green ring mottle 
M-5-74 Necrotic ring spot, yellows, and green ring mottle 
M-6-19 Necrotic ring spot and yellows (recurrent) 
S-5009 Necrotic ring spot and yellows (recurrent 
•• 
Fig. 1. Symptoms of~. mahaleb at three temperatures; virus source 
M-5- 74. From left to right, both top and bottom rows; leaves 
from uninoculated check, leaves from inoculated trees at 60•, 
7g•, and ao·F, respectively. 
Table 2. Symptom expression by!:_. mahaleb seedlings inoculated with 14 
sources of necrotic ring spot virus and held at three greenhouse 
temperatures. 
Greenhouse SeeCihngs witn symptoms clas seCI as: 
Virus temperature mild or 
source OF severe moderate questionable none 
B-1-12 60 2 
70 2 
80 3 
G-5-1 60 2 
70 3 
80 3 












M-7-74 60 2 
70 3 
80 3 
B-3-22 60 3 
70 2 
80 3 
G-20-5 60 2 
70 2 
80 3 
G-2-7 60 2 
70 3 
80 3 
M-5-74 60 2 
70 3 
80 3 
G-17-4 60 3 
70 3 
80 3 
M-6-9 60 3 
70 3 
80 ·3 
S-5009 60 2 
70 3 
80 3 
Uninoculated 60 3 
(check) 70 3 
80 3 
(280) 
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Index of Infected P. mahaleb on P. tomentosa 
After having been set in the field for the summer and heeled in during 
the fall, the previously inoculated P. mahaleb seedlings, and checks, 
were indexed on P. tomentosa. Tw-; buds from what appeared to be a 
live, dormant twig of each P. mahaleb tree were chip-grafted to a potted 
P. tomentosa seedling at bud break. Observations were made regularly 
for symptoms on growth following inoculation. 
Buds from all the uninoculated check P. mahaleb trees failed to induce 
symptoms on P. tomentosa. Of the 126 P. mahaleb trees previously in-
oculated with ~irus, 102 indexed as dis~ased. Of the 24 P. tomentosa 
without symptoms, three died before symptoms could have b~n expressed 
and bud graft union was definitely unsuccessful on nine others. Under 
the circumstances of this experiment, then, presence of virus was not 
detected in 12 of the 126 previously inoculated P. mahaleb trees, four of 
which expressed symptoms in the next step of the experiment. 
Although difficult to reduce to terms of specific data, it was evident 
that in this instance union of P. m ahaleb with the P. tomentosa scions 
was not as complete as is usual with sour cherry buds. It may be perti-
nent that when the~. mahaleb trees later were brought into the green-
house, 54 of the original 135 failed to start growth or died soon after 
growth began, including two uninoculated check trees . The condition of 
the~. mahaleb trees may have been a factor in the only nominally suc-
cessful bud unions on P. tomentosa and perhaps in the 12 failures of 
virus detection on~· t-;mentosa. However, symptoms when expressed 
on P. tomentosa were distinct, and it would appear to be a fairly satis-
fac~ry index plant for detection of virus in P. mahaleb. 
It should be pointed out that the above po;j_tive evidence of presence of 
virus in 102 of the P. mahaleb trees a year after inoculation shows that 
failure to express symptoms at 70 ° and 80 ° F {when incubated after inocu-
lation)was not attributable to lack of virus in trees at those temperatures. 
Furthermore, it was evident that virus was present in the P. mahaleb 
trees at the beginning of the next and last step in the experim~nt. 
Latency and Cross Protection in~. mahaleb 
The P. mahaleb trees which had been inoculated with virus and incu-
bated atthree temperatures, over-summered in the field, heeled in, and 
indexed on P. tomentosa, as recorded above, next were brought in the 
greenhouse ~nd a portion of them reinoculated with virus. The basic plan 
was to reinoculate three of the nine trees originally inoculated with one 
source of virus with another similar source (i.e., if the original source 
was one which induces necrotic ring spot only on sour cherry, then the 
"similar" source was one which does likewise). Three more of the nine 
trees were to be reinoculated with a dissimilar source (i.e., a source 
which induces yellows in addition to necrotic ring spot on sour cherry). 
The three remaining trees were not to be reinoculated. Insofar as living 
trees were available, the plan was followed, but as recorded ab:Jve, only 
81 of the original 135 trees were alive and growing at the end of the ex-
periment. After the designated trees had been reinoculated at time of 
bud break, all 81 trees were incubated in a greenhouse maintained at 
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Table 3. Symptom expression in 1954 by_!:'. mahaleb trees inoculated in 
1953 and reinoculated with virus in 1954. 
Virus source No. of trees Trees with symptoms classed as: 
1953 1954 in 1954 severe moderate 3uestionable none 
B-1-12 G-5-1 1 
B-3-22 3 2 
None 
G-5-1 B-1-12 2 l* 
B-3-22 2 2 
G-2-1 B-1-12 1 1 
B-3-22 3 2 l* 
None l 
B-3-23 B-1-12 2 
B-3-22 2 2 
None l 
B-1-4 B-1-12 2 2 
B-3-22 
M-3-17 B-1-12 2 l* 
B-3-22 2 
None l 
M-7-74 B-1-12 3 2 
B-3-22 2 2 
None 2 1 
B-3-22 B-1-12 3 2 
G-20-5 3 3 
None 2 2 
G-20-5 B-1-12 1 
B-3-22 2 2 
None l l 
G-2-7 B-1-12 3 2 l* 
B-3-22 3 3 
None l 
M-5-74 B-1-12 2 2 
G-17-4 3 3 
None 
G-17-4 B-1-12 2 2 
M-5-74 l 
None 3 3 
M-6-19 B-1-12 l 
S-5009 B-1-12 3 3 
M-6-19 3 3 
None 2 2 
None B-1-12 3 2 
B-3-23 
M-'5-14 
None 2 2 
*Scion_-stock union unsuccessful. 
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60.F, which temperature had previously been found suitable for symptom 
expression by P . mahaleb. 
Summarily ;xpressed, the results were that all but four of the pre-
viously inoculated trees developed symptoms, whether reinoculated or 
not. Of the 62 previously inoculated trees which showed unmistakable 
(moderate or severe) symptoms, 13 had not been reinoculated. Some of 
_these had shown symptoms at 60.F after the first inoculation one year 
before. Of the seven living trees not previously inoculated, five were 
inoculated with virus and showed symptoms; two were not inoculated, 
had been shown by indexing to be free of virus, and did not show symp-
toms. Detailed results are recorded in Table 3. 
It is evident that symptoms occurred on these P. mahaleb seedling 
trees, even for the second time, during the second p;riod of growth after 
inoculation, and that these viruses were not latent in!:. mahaleb. 
Symptom Expression on!:. tomentosa at Three Greenhouse Temperatures 
During these experiments and others in which P. tomentosa has been 
used for greenhouse indexing of Prunus species fur virus, it seemingly 
had been satisfactory at a variety of temperatures and at variable tem-
peratures. However, to provide precise information, a series of P. to-
ment osa seedling trees were inoculated at bud break by inserting ~herry 
buds containing known sources of virus and incubated in the greenhouse 
at 60•, 70°, or so·F. There were seven sources of virus. Nine P . to-
ment osa trees were inoculated w i th each source; three of these w~e in-
cubated at each temperature. 
All trees were observed each day for symptom expression, with re-
sults as follows and as recorded in part in Table 4. P . tomentosa re-
acted to all seven sources of virus and symptom expre~ion was definite 
at all three temperatures. Shortest average time to symptom expression 
was at 80.F (6 to 11 days), longest at 60°F (17 to 25 days) and inter-
m ediate at 70°F (12 to 16. 7 days). It is of interest that on the basis of 
time to symptom development, the seven sources were in the same order 
at all three temperatures. In general, those sources inducing symptoms 
in the shortest time induced the most severe symptoms, but the types of 
Table 4. Time to symptom expression by!:. tomentosa after inoculation 
with virus and incubation at one of three temperatures . 
Days to symptom expression after 
incubation in greenhouse at: 
Virus source 60° F 70°F 80°F 
B-3-22 17 12 6 
Local 17 13 6 
B-1-12 22 14 8 
C-2-1 22 15 9 
S-5009 23 16. 3 10 
M-6-19 25 16 . 7 11 
M-5- 74 25 16 . 7 11 
2S4 HOBART and BUCHHOLTZ 
symptoms were essentially the same for all sources, namely, chlorotic 
mottling with or without necrotic rings on the leaves of new growth, ac-
companied in the majority of cases by necrosis of growing points. Every 
P. tomentosa seedling exhibited definite symptoms. 
- It is evident that greenhouse temperatures within the range of 60 • - so• 
F, were satisfactory for necrotic ring spot symptom development on ~ · 
tomentosa. 
SUMMARY AND CONCLUSIONS 
The possibility of indexing P. mahaleb by an "indirect" method com-
parable to that of Moore and K~itt (4) for sour cherry was experimentally 
explored as follows: (a) 126 P. mahaleb seedling trees were inoculated 
with one of 14 sources of viri7"s, nine trees per source. Three seedling 
trees per source, plus three uninoculated chec.k tr~es, were 
0 
incubated 
at each of three greenhouse temperatures, 60 , 70 , and SO F (to test 
reliability of symptom expression by P. mahaleb at these temperatures), 
After being out of doors during the su~mer and fall, these same P. ma-
haleb trees were (b) indexed on P. tomentosa (to test for continued p;;;_ 
~of virus} and (c) a portion--:threeper each original inoculation virus 
source -- inoculated with a similar virus source, a similar portion inocu-
lated with a dissimilar virus source and the remaining portion left with-
out a second inoculation; all were incubated in a greenhouse held at 60 • F. 
This latter procedure was to test for possible latency and cross protection. 
Virus symptoms were reliably expressed on P. mahaleb at 60•, not at 
10• or so•F. Thirty-eight of the 42 inoculated tr;es showed definite symp-
toms at 60°, 4 of 42 at 70°, and none at so•. The three uninoculated 
check trees at each temperature remained free of symptoms. 
A year after inoculation, all but twelve of the inoculated P. mahaleb 
seedling trees indexed virus-positive on P. tomentosa, allowi;:g for death 
of plants and failures of bud graft unions.-
Also, a year after inoculation, during the second growth period after 
inoculation, all but four of the 74 previously inoculated trees which re-
mained alive showed symptoms, with or without reinoculation. In fact, 
13 showed very definite symptoms without reinoculation, some for the 
second time (those incubated at 6o•F after inoculation the previous year). 
Because P. mahaleb expressed only moderate symptoms at 60•, mild 
if-at all at fo•, and none at so·F, it probably would not express symptoms 
in the greenhouse sufficiently well to enable its use as an index plant. 
Furthermore, since it did express symptoms one year after inoculation, 
during the second growth period, P. mahaleb did not express virus laten-
cy, as is the case with sour che;;y. Because of lack of latency, it was 
not possible to determine the cross·-protectionphenomenon in~. mahaleb, 
as it occurs also in cherry. There is no need to consider the "indirect'' 
method of indexing P. mahaleb, even if symptom expression were en-
tirely at a particular-temperature, which apparently it is not. 
· The demonstrate.d suitability of P. tomentosa as an index plant for de-
tection of virus in P. mahaleb offe~ a satisfactory alternative. Indexing 
on P. tomentosa in this experiment fail~d to detect virus in only 12 of 126 
ino~ulated P. mahaleb seedling trees, despite rather poor bud graft unions 
in general~ Furthermore, when inochlated with virus-infected cherry 
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buds, P. tomentosa exhibited definite symptoms at greenhouse tempera-
tures~ 60 , 70 , and 80.F, the more rapidly and distinctly at the higher 
temperatures. This response is comparable to that of sour cherry, P. 
pumila, ~. virginiana, and~. besseyi (3} and is a desirable attribute~£ 
an index plant. 
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EFFECTIVENESS OF TWO PHEASANT FLUSHING BARS 
UNDER !OW A CONDITIONS1 
Eugene D. Klonglan2 
Iowa Cooperative Wildlife Research Unit 
Department of Zoology and Entomology 
Iowa State College, Ames, Iowa 
One of the most important problems in the management of the ring-
necked pheasant, Phasianus colchicus, in Iowa's primary pheasant range 
is the serious loss in production· suffered during the nesting season. A 
major portion of this loss occurs when a large number of nesting hens 
are killed or injured during the mowing of the first crop of hay, which 
usually takes place when pheasant nesting is at ·its peak. The develop-
ment and subsequent widespread use of high speed tractor mowers has 
been responsible for much of this decimation. 
One method of reducing this yearly loss in production that has been 
tried with varying success is the use of game flushing bars. The early 
flushing bars were designed for use on horse drawn mowers and were 
usually of flimsy construction. Consequently, they could not be adapted 
for use with high speed tractor mowers. Warvel (1949) constructed and 
tested two types of tractor-mounted flushing bars in Ohio. From these 
experiments evolved the Ohio Game Flushing Bar, which is constructed 
entirely of metal and is quite substantial. 
The Ohio Flushing Bar utilized weights suspended on cables to supply 
the flushing stimulus as they drag through the hay. It has been suggested 
(Kemptar, 1 953) that excellent results might be obtained with a bar utiliz-
ing strips of 6 inch belting painted white. An attempt was made to deter-
mine the relative efficiencies of the two types of flushing bars during the 
mowing of the first crop of hay on the Winnebago Pheasant ResecirchArea 
(Baskett, 194 7) in north-central Iowa. The mowing took place from June 
14 to June 20, 1954. 
Field Techniques 
Sixteen hayfields, totaling 126 acres and ranging from 2 to 22 acres in 
size, were selected for the study. Alfalfa was the primary cover type in 
1Journal paper No. 2709 ot the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 497. Fish and Wildlife Serrlce (U. s. Dept. ot Interior), 
Iowa State College, Iowa State ConserTation CoJllllisaion, and the W:ildlite 
Management Institute Cooperating. ~ 
2The writer ii indebted to Dr. Edward L. Koz:ioky, Leader ot the Iowa Co-
operative Wildlite Research Unit, under whose guidance the study was oon-
ducted. Special gratitude is due the several tarmers, especially_Tiltord 
Christenson, Elmer Seim, and .Merle Pierce, whose cooperation made thie 
. investiga~ion poss_ible. 
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ten of the fields, red clover in five, and sweet clover in one. The flush-
ing bar with cables and weights was used on the first half of eight of the 
fields and on the last half of the remaining eight. The flushing bar with 
strips of white belting was used on the other half of each field. The se-
lection of the half of the field in which each bar was used was by means 
of a restric t ed random sampl e . 
The observer rode on the tractor during the mowing operation on all 
but about 20 acres, watching the flushing bar and mower at all times. 
Whenever a hen was flushed, the tractor was stopped and the tractor 
operator and observer made a search for a nes t and any signs of injury 
to the hen. The fields were walked immediately after mowing was fin-
ished, if possible, and immediately after the hay was raked into windrows 
in all instances. On the 20 acres in which the observer was unable to be 
on the tractor during mowing {two farmers mowing at the same time), 
the tractor operator reported his observations, and the fields were then 
walked before and after raking in search of further sign. 
As a further check on the efficiencies of the two bars, no bar of any 
kind was used on six fields, totaling 50 acres . The other techniques were 
. essentially the same. Mowing of these fields took place from June 16 to 
July 15. 
Effectiveness of Flushing Bars 
The relative performance of the two bars during the tests is shown 
in Table 1. For purposes of statistical comparison, the hens killed and 
hens injured were considered as one group. Chi-square tests indicated 
a significant difference (xz = 4 . 24, . 05 level = 3 . 84) between the results 
obtained with the cables and weights and those obtained with the belt 
strips, the former being more efficient. A significant difference {X2 = 
8.61, . 01 level= 6.64) was found between the cables and weights and no 
bar . The difference between the strips of belting and no bar was not sig-
nificant. However, there was no reason to believe that the belt strips 
did not save hens. 
By transforming the performance of the two flushing bars into percen-
tages, it was found that the cables and weights were 63 per cent more 
effective than the belt strips in saving pheasant hens from death or injury. 
The belt strips were 31 per cent more effective than no bar, and the 
cables and weights were 75 per cent better than no bar . The latter figure 
is somewhat higher than the 45 per cent redudion in mortality and cripp-
ling found by Warvel (1949) in Ohio and the 33 per cent decrease found by 
Robbins (1954) on the Winnebago Area in 1953. Bue and Ledin (1954), in 
limited tests in Minnesota, found that flushing bars reduced mortality 
roughly 60 per cent. 
A comparison of the relative effectiveness of the bars in different 
densities of cover (Table 2) showed no difference between the two types 
in light or medium cover. However, the cables and weights did a better 
job of flushing hens in the heavier cover. 
A definite preference for the earlier developing alfalfa and sweet clo-
ver was exhibited by the nesting hens (Table 3 ). The fields were classi.;. 
fied by the major plant present, though most consisted of combinations 
such as alfalfa-timothy, sweet clover-red ~lover, red clover-timothy, etc. 
Table 1. Results of study to det.ermine relative effectiveness of two types of 
• flushing bar, Winnebago Area, Iowa, 1954 
Hens killed 
Hens injured 




Hens not injured 29 
14.7 
b5.3 





















Table 2. Etfectiwness or Two Types of Flushing Bars in Varying Densities 
or Cowr, Winnebago Area, IOlll'a, 1954 
Density Cables & Weights Belt Stri;es 
of Non-
Cover Kill. Inj. Inj. KiJ.l. Inj. 
Lignt1 0 0 1 0 0 
Madium2 0 0 7 0 0 
Heavy3 0 5 21 1 12 
.L - Less than So% of ground covered. 
2 - From So - 90% of ground covered. 






No Bar Total 
Non- Non-
Kill. Inj. Inj. Kill. Inj. Inj. 
0 0 2 0 0 4 
2 l 3 2 1 15 
4 3 2 5 20 J6 
Table 3. Effectiveness of Two Types of Flushing Bars in Dii'ferent Types of 
Cover, Winnebago &-ea, I owa, 1954 
Types Cables & Weights Belt Stri,ES Totals Total Acres 
of Non- Non- Non- Acres Per Hen 
Cover KiJ. Inj. Inj. K:i.U.. Inj. Inj. KJ.ll. Inj. !nj. Y..owed. Flusned 
ilf alfa 0 2 18 0 b 12 0 10 JO 52 1.3 
Red Clover 0 l 3 0 l 5 0 2 8 5o 5.6 
Sweet Clover 0 2 b 1 3 2 1 5 10 18 1.1 
(28 9) 
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There was little difference in the mortality and crippling of hens in al-
falfa (25 per cent) and red clover (20 per cent). In sweet clover, the 
heaviest cover present, 37 .5 per cent of the hens flushed were killed or 
injured. The two bars were about equally effective in red clover, but 
red clover stands on the area were poorer than usual in 1954. The ad-
vantage of the cables and weights over the belt strips in alfalfa and sweet 
clover was evident. 
Hens that were on nests suffered heavier casualties than those which 
were not Table 4). There was little difference between the two bars 
when the hens were not on a nest, but the cables and weights were about 
twice as effective in flushing those hens that were on nests. 
Table 4. Relative Effectiveness of Flushing Bars upon Hen Pneasant on 
Nests and not on Nests, Winnebago Area, Iowa, 1954 
Fate Cables & Weights Belt Stri,es No Bar Totals 
of On Not on On Not on On Not on On Not on 
Hens Nest Nest Nest Nest Nest Nest Nest Nest 
Killed 0 0 l 0 5 1 6 1 
Injured 3 2 il .L 4 1 17 4 
Non-injured 10 19 13 6 3 3 27 28 
Percent Killed 
or Injured 23 10 48 14 6'7 ).,() 46 15 
No definite relationship was found between the number of hens killed 
and injured and the stage of incubation of their nests, except hens with 
nests still in the laying stage appeared to escape more readily (Table 4), 
The average incubation stage of nests found when the cables and weights 
were in use was 6.3 days; wh~n the belts were in use, 7.1 days; and when 
no bar was in use, 8. 9 days. 
Time of Mowing 
When a hen was flushed, the time of day was recorded. When a nest 
from which no hen had flushed was later found, the approximate time that 
the mower passed over the nest was computed. These results were sum-
marized by hourly periods (Table 6). It would appear that the killing and 
injury of hens could be decreased if a larger portion of hay mowing was 
done during the 7-10 a.m. and 3-6 p.m. periods. Only 16 per cent of 
the hens flushed during these intervals were killed or injured, compared 
to 48 per cent of the hens flushed during the 10 a.m. to 2 p.m. period 
(Table 7). About 45 per cent of the mowing was done from 7-10 a.m. 
and 3-6 p. m. and about 40 per cent of fhe hens flushed; yet, only 21 per 
cent of the killing and injury occurred during this time. All but two of 
the 20 nests with the hen absent when the mower passed were found during 
Table S. Relationship between Number of Hens Killed (K), Injured (I), or 
Stage of 
Non-injured (N-I) and tte Stage of Incubation of Their Nests, 
Winnebago Area, Iowa, 1954 
Incubation Cables & Weights Belt Stri;es No Bar Totals 
in Days R'. I Fl-I K i R-I K I N'-I Jr I R-I 
0 3 6 l 10 
l-3 l 3 1 l 2 4 
4-6 2 3 2 1 l l 5 3 
7-9 1 .i .L .l 2 l 2 3 2 
1~12 l 5 l 5 2 
13-15 2 2 1 2 2 5 
16-lb l l l 1 
19-23 l l 2 
Table 6. Relationship between Number of Hens Killed (K), Injured (I), er 
Non-injured (N-I) and Time of Flushing, Wimlebago Area, !OllJl'a, 1954 
Time Cables &. Wts. Belt Str:!£s No Bar Total. Nest-
of Ac.* .Ac. Ac. Ac. No 
Daz K I N-I Cut K I N-I Cut K I N-I Cut K I N-I Cut Hen 
7-8 a.m. 4 2.1 o.o o.o 4 2.1 3 
8-9 a.m. - l 5 7.3 l 2.3 2 4.6 - l 8 14.2 4 
9-lOa.m. - l 2: s.o - 2 5 10.2 2.5 - 3 7 17. 7 .3 
10-lla.m. - l 2 6.1 - 4 .3 10.4 1 - 2 1.1 l 5 7 23.6 1 
ll-12a.m. 2 4.8 - 2 l 5.1 2 l l 8.8 2 3 4 18. 7 
1-2 p.m. - 1 4 11.1 - l l 5.3 l 2 l 10.7 l 4 6 21.1 
2-3 p.m. - l 4 9.0 1 2 3 12.9 1 1 6 • .3 2 4 7 28.2 l 
3-4 p.m. 4 7.6 - 1 3 9.1 2.2 - l 7 18.9 4 
4-5 p.m. · 2 8.1 2 1.2 l - 1 J.8 1 - 5 19.1 3 
5-6 p.m. - ..;. 1.3 o.5 4.o 5.8 l 
Total. 0 5 29 63.0 l 12 19 63.0 6 4 1 5o.o 7 21 55 176.0 20 
*Acres mowed during eacn hour 
(2 91) 
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Table 7. Comparison of Pheasant Hen Mortality and Crippling During Early 
Forenoon + Late Afternoon Hours and Mid-Day Hours, Winnebago 
Area, Iowa, 1954 
Type No. No. Hens Hens Hens Acres Per 
o:f Acres Hens Flusned Killed Not Hen Killed 
Bar Mowed Fl.usned Per Acre ar InJured Injured or In~ured 
7-10 a.m. + 3-6 E•m• 
Cables & Wts. 32.0 1)1 1.. 7 2 17 16.0 
Belt S'trips 29.3 14 2.1 3 il 9.tl 
lo Bar 17 • .i. 4* ~ 1 _3 17.l 
Total 78.4 37 2.1 6 31 13.1 
10 a.m. - 3 E•m. 
Cables & Wts. 31.0 15 2.1 3 12 10.0 
Belt St.rips 33.7 18 1.9 10 8 3.4 
No Bar 32.9 ~ 2.5 -2 _4 _g 
Tota.1. 97.b !i> 2.1 22 24 4.4 
* Samole size nrobab1-v too small to show definite results 
the 7-10 and 3-6 intervals. Of the 33 hens not on a nest when flushed, 
21, or 64 per cent, were flushed during these two periods. Concurrent 
studies conducted on the same area indicated that laying or incubating 
hens were more likely to be off their nest during early forenoon and late 
afternoon than during the middle of the day. 
DISCUSSION 
On the basis of evidence gathered, it was apparent that the cables and 
weights were more effective in flushing pheasant hens than the belt strips 
under northern Iowa conditions in 1954. The belt strips did not have suf-
ficient weight to penetrate the heavier cover. Some of the hens injured 
when the belts were being used had both l egs severed and no other visible 
lnJury. Apparently the belts passing above them startled the hens enough 
to make them stand up but not enough to make them fly immediately. Since 
the hen has only about two seconds from the time the flushing bar passes 
over her u n til the mower bar arrives, she must be disturbed enough to 
make her flush at once. The heavier cables and weights were better able 
to penetrate the hay sufficiently to make contact, or near-contact, with 
many of the hens, causing them to flush without delay . 
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The necessity of painting the belts white was questionable. It was 
found that in dragging through the hay the belt strips soon became stained, 
especially in the early forenoon and late afternoon when the cover was 
damp. Since the hay in most of the fields was nearly tall enough to reach 
the top of the flushing bar, most of the belt strip was dragging in the 
heavy cover. Under such circumstances, it would be doubtful whether 
the hens could see a white belt any better than an unpainted darker one. 
No definite conclusions could be drawn, however, since all belts used 
were painted white and there was no quantitative basis . for comparing 
them with nonwhite belts. 
While the investigator was riding on the tractors during the study, it 
was found that 34 of 55 hens (62 per cent) flushed without injury were not 
seen by the tractor operator. It can be assumed that nearly all nests 
would be found whether riding on the tractor during mowing, and later 
walking the field, or only following the mower on foot. However. inter-
pretation of nests where no hen flushed directly, or where a flushed hen 
was not injured, would be more difficult with the .latter method. Nearly 
all instances of death or severe injury to the hen would be detected by 
either method. It should not be assumed that the tractor operators fail 
to see 62 per cent of the hens flushed when no observer is on the tractor 
with them. The presence of an observer undoubtedly influenced the de-
gree of attention the tractor operator directed toward his mower. Any 
malfunctioning or clogging of the mower would be brought to the opera-
tor's attention by the observer. Thus, it would be unnecessary for the 
tractor operator to be constantly glancing rearward. It was apparent, 
however, that the method of determining the number of injured and un-
injured hens would affect the percentage results obtained. 
Several suggestions and ideas for improving the flushing bars were 
entertained, many coming from the cooperating farmers and other inter-
ested parties. The most common suggestion was to place the cables and 
weights closer than the 10 inches in the original plans. Further work 
would be necessary to determine how close the cables could be without 
tangling resulting. It was the opinion of the tractor operators that the 
added weight of a few more cables and weights would have no effect on the 
handling of the tractor. Another frequently mentioned idea was to insert 
a belt strip between each cable, thus combining the two bars in effect. 
SUMMARY 
1. Two types of flushing bars, one employing weights suspended on 
cables and the other heavy strips of belting to provide the flushing 
stimulus, were tested for relative effectiveness. 
2 . The tests were conducted during j:he mowing of the first crop of hay 
on the Winnebago Pheasant Research Area in north-central Iowa in 
1954. 
3. A significant difference was found between the results obtained with 
the cables and weights and those obtained with the belt strips, the 
former being more efficient. 
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4. There was no difference between the effectiveness of the two bars 
in light or medium cover, but a pronounced advantage in favor of 
the cables and weights in heavy cover. 
5. Hens that were on a nest when flushed suffered a higher rate of 
mortality and crippling than hens not on a nest. No definite rela-
tionship was found between the rate of killing and injury of hens and 
the stage of incubation of their nests. 
6. A higher percentage of hens were killed or injured from 10 a. m. 
to 3 p.m. than from the combined 7 to 10 a.m. and 3 to 6 p.m. 
periods. Most of the hens not on a nest when flushed and nests with 
the hen absent were found during the last two periods. 
7. A better flushing bar might result if the cables and weights were 
placed closer together. Another possibility was placing a belt strip 
between each cable, thus combining the two bars in effect. 
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COMPARATIVE PATHOGENICITY OF PYTHIACEOUS 
FUNGI ON CORN1 
Richard 0. Hampton 
Department of Botany and Plant Pathology . 
Iowa State College, Ames 
It has been well established that Pythium debaryanum Hesse causes 
pre-emergence and post-emergence damping off and root necrosis in 
many speeies of grasses and broad-leafed plants. Pythium graminicolum 
Suhr. is quite commonly parasitic on the roots of grasses, small grains 
and corn beyond the seedling stage. Recent studies (9, 10) have shown, 
however, that the majority of unidentified pythiac~ous fungi isolated from 
straw taken from field soil produced oospores only in specific culture 
matings. Results obtained by Staffeldt ( 11) indicated that cultures of 
these isolates were markedly less pathog.enic on corn seedlings than _!l . 
graminicolum, which was not isolated from straw. 
In view of the predominance of such unidentified Pythium forms in 
field soil. trials of pathogenicity were conducted in which four such iso-
lates, taken from necrotic corn roots and designated 87A, 87B, 98A, and 
98B, were tested separately and in all possible mating combinations and 
compared with known cultures of .!:'. debaryanum and ~. graminicolum. 
Fungus cultures were evaluated on three strains of corn at two moisture 
levels over five sets of temperatures. 
Pertinent Literature 
Johann, Hobart, and Dickson (7) presented data to show that pre-
ernergence damping off was enhanced by low temperatures and high levels 
of soil moisture, and Flor (5) demonstrated that injury to germinating 
corn and corn seedlings was greatest at moisture levels above 50 per 
cent of soil water holding capacity and at temperatures below 20 ° C. 
Temperature was considered by Dickson (3) to be the most important 
single factor determining the extent of infection of corn and wheat seed-
lings by Gibberella zeae Schw. 
Leach (8} found that the incidence of pre-emergence damping off was 
inversely proportional to the rate of growth of the host plants·. This find-
ing, which involved a specific relationship among pathogen, suscept, and 
environment, was supported in work with other fungus species by Buch-
holtz (1 ), Carpenter (2), Edgerton, Tims, and Mills (4) and Vanterpool 
and Truscott ( 14 ). 
Trost (13), Hooker and Dickson (6): and Stutzman (12) have indicated 
that inbred lines and hybrid strains of corn differ markedly in their re-
sistance to corn root pathogens under adverse planting conditions. 
1Jo~al paper No. J-2717 ot the Iowa Agricultural Experiment Station, 
Ames, Iowa. Project No. 1140. 
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Materials and Methods 
Pythium graminicolum and unidentified Pythium isolates designated 
as 87A, 87B, 98A, and 98B were obtained from necrotic roots of field-
grown corn. Pythium debaryanum was isolated from a corn kernel which 
had been infected and killed in infested peat soil before germination . 
Cultures tested included ~. graminicolum, ~ . debaryanum, 87 A, 8 7B, 
87A + 87B, 98A, 98B, 98A + 98B, 98A + 87B, and 87A + 98B. The fungus 
isolates were evaluated on resistant and susceptible experimental hy-
brids, X5171 andX9180 respectively, and a susceptible inbred line, WF9. 
Inoculum was prepared by mixing sterile quartz sand with agar cul-
tures of fungus isolates. A 1/2-inch layer of inoculum was applied over 
peat soil in 4-inch pots. Corn kernels were planted in the layer of in-
oculum and covered with sterile sand. 
Two moisture levels, 60 per cent and 20 per cent of water holding 
capacity, were employed. Moisture levels were maintained from time of 
planting until the plants were washed and examined. 
A preliminary survey was conducted to determine temperature condi-
tions which would allow the expression of extreme pathogenicity as well 
as those which would allow expression of maximum differences among 
the fungus cultures. On the basis of this survey the following five se-
quences of temperatures were selected: 
I. Incubation at 25 ° C continuously. 
II. Five-day incubation at 16.C, followed by transfer to 25•c. 
III. Ten-day incubation at 16 ° C, followed by transfer to 25 • C. 
IV. Five-day incubation at 10 • C, followed by transfer to 25 ° C. 
V. Ten-day incubation at 10°C, followed by transfer to 25°C . 
Diseased seedlings were allowed to grow to the three-leaf stage and 
were then washed and examined. These seedlings, and kernels which had 
been infected and killed before germination, were evaluated and assigned 
disease ratings which were scaled numerically one to six according to 
severity of infection. A total of such numbers for 20 plants within each 
pot was derived. Such totals were converted to disease indice.s and the 
average of index values over four pots, i.e., replications, constituted 
culture means at each level of host resistance and moisture. Graphical 
presentation of relative culture behavior was adapted from means of cul-
ture indices over all conditions within each sequence of temperatures. 
A completely randomized experimental design was used. The error 
sum of squares was composed of the residual sum of squares plus the 
sum of squares of replicates and replicate interactions. 
Experimental Results 
Analysis of variance of the data presented in Table 1 shows that vari-
ations attributable to fungus .cultures, strains of corn, moisture levels, 
temperature sequences, and all interactions of these factors were signi-
ficant at the 1 per cent level of testing. 
Examination of culture indices showed that the relative pathogenicity 
between Pythium graminicolum and~. debaryanum and cultures of iso;,. 
lates 87A, 87B, 98A, and 98B varied markedly both within and between 
sequences of temperatures. Within-temperature-sequence averages of 
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Table 1. Summa ry of Analysis of variance of :Cata from All Temperature 
Sequences 
Source of variation a DF MS F 
c 10 21,483.3 257.36~ 
M 1 6,162.0 1,166.7~ 
s 2 142,378.5 1,709.2~ 
TS 4 91,190.2 73.9 b 
c x s 20 953.0 11.4£ c x TS 40 231.6 2. 78b 
c x M 10 498.1 5.98 
s x TS 8 5,66Jh6 68.0~ 
S x M 2 1,688 .o 20.26 
TS x M 4 4,919.5 59.05b 
c x s x TS 80 439 • .3 5.2~ 
c x MxS 20 220.6 2.64b 
s x TS x M 8 935.0 11.22~ 
c x H x TS 40 368.6 4.42 
c x Mx S x TS 80 168.7 2.02b 
Error 990 83.3 
Total 1319 
a C = Cultures; M =Moistures; S =Strains; TS Tenper a ture Sequences . 
b Significant at t he 1 per cent l evel. 
disease indices for cultures presented graphically in Fig. 1 show that 
neither a single isolate nor a group of isolates were consistently most 
pathogenic. ~. graminicolum and ~. debaryanum, used specifically as 
comparison standards, were notably most pathogenic in temperature se-
quence I. However, this margin was not maintained in temperature se-
quence II and III. All cultures of isolates 87 A, 87B, 98A, and 98B were 
more pathogenic than~. graminicolum and!:. debaryanum in temperature 
sequence V. High daytime greenhouse temperatures in temperature se-
quence IV resulted in low levels of disease and nonsignificant margins 
among culture indices. 
Fungus cultures, in which matings among A and B components of iso-
lates 87 and 98 had been made, contained an abundance of oospores at the 
time they were used as inoculum. However, combinations of mating com-
ponents resulting in the production of these sexual spores did not observ-
ably affect pathogenicity under any of the test conditions. 
Mature corn plants were inoculated with i solate 87 A which had been 
cultured on steamed barley. An identical pattern of resistance and sus-
ceptibility among lines of corn was shown on mature plants as was shown 
in greenhouse studies with seedlings . 
Summary and Conclusions 
Pronounced differences i n relative pathogenicity among fungus cultures 
were apparent in numerous instances unde r specific conditions of mois-
ture and hos t resistance within tempe r a ture sequences. However, the 
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Fig. 1. The comparative pathogenicity of Pythium cultures shown as 
disease index averages over two levels of moisture and three 
lines of corn within sequences of temperatures 
rank in pathogenicity among cultures was highly variable both within and 
among sequences of temperatures. 
Cultures of isolates 87A, 87B, 98A, and 98B were either equally patho-
genic to or more pathogenic than cultures of Pythium graminicolum or 
E. debaryanym under numerous conditions of specific levels of host re-
sistance and moisture. All cultures of these isol ates were more patho-
genic than either~. graminicolum or~. debaryanum under most condi-
tions provided in temperature sequence V. Thus, isolates 87 A, 87B, 98A, 
and 98B seem potentially as important as pathogens of corn roots as do 
the well known "standards",~· graminicolum and~· debaryanum. 
Cultures resulting from matings amond A and B components of iso-
lates 87 and 98 were neither more nor less pathogenic than cultures of 
unmated components. 
Inoculation of mature plants with isalate 87 A gave identical reactions 
among lines of corn to those obtained in greenhouse experimentation with 
corn seedlings. 
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THE THEORY OF VIBRATING JETS IN LIQUIDS 
OF VARIABLE SURFACE TENSIONS* 
Robert S. Hansen 
Institute for At omic Research and Department of Chemistry 
Iowa State College, Ames, Iowa 
ABSTRACT 
The theory of jet oscillations in a liquid of time dependent surface 
tension has been ana lyzed. To the extent that the surface tension change 
can be represented a s linear over a single wave length, the wave length 
is approximately that given by the non-time dependent equations with 
surface tension constant at the mean value over the wave length . A high 
frequency low-amplitude oscillation will be superimposed on the principal 
jet motion, which should, however, present negligible complications un-
der usual experimental conditions. 
The theory of vibrations of liquid jets issuing from noncircular orifices 
has been developed by Rayleigh ( 1 ), Pedersen (2 ), and Bohr (3) for the 
case of liquids of constant surface tension. The basic treatment assumes 
the liquid nonviscous, wave amplitudes very small, and neglects damping 
of the vibrations by air or other media into which the jet issues; first 
order corrections for these effects have been developed by Bohr. 
In systems containing more than one component, adsorption at the 
liquid surface may be generally expected, and may further be expected 
to occur at a finite rate. The possibility of measuring this rate by sur-
face tension measurements over short time intervals immediately after 
surface formation using the vibrating jet technique has attracted experi-
mental investigations by a number of workers, , especially Addison (4). 
So far as the present author is aware, no modification of the vibrating 
jet theory to adapt this theory to variable surface tensions has been pub-
lished. Previous investigators have computed surface tensions from 
measured wave lengths using equations developed for the constant sur-
face tension case. That this is somewhat rash may be seen most readily 
(1) Lord Rayleigh. Proc. Roy. Soc. 29:71-97. 1879. 
(2)Pedersen, P.O. Phil. Trans. A207:341. 1907. 
(3) Bohr, N. Phil. Trans. A209:28'T":l 909. 
(4) Addison, C.C. J. Chem. Soc. 1943:535. 1943. 
J. Chern. Soc. 1944:252,477. 1944. 
J. Chern. Soc. 1945:98,354. 1945. 
J. Chem. Soc. 1946:579. 1946. 
*Contribution No. 389. Work was performed in the Ames Laboratory of the 
Atomic Energy Commission. 
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from a consideration of the rather analogous problem of a linear har-
monic oscillator with time dependent force constant; the general problem 
in this case has not been solved, and in particular the motion is not pro• 
k 
perly represented by a function of the type cos ( ~ ; ·c + 6 ) , where m 
is the oscillator mass and k the (time dependent) force constant. 
The purpose of this paper is to present a first order solution to the 
variable surface tension vibrating jet problem and to indicate experi-
mental conditions under which this first order treatment should be ade-
quate for interpretation of experimental results . A more general solu-
tion would be desirable but does not appear easily obtainable. The first 
order corrections of Bohr may be taken over in the present theory; ac-
cordingly this treatment will be developed for an incompressible, non-
viscous fluid, damping by air will be neglected, gravitational effects will 
be neglected, and the amplitudes of the waves will be considered small. 
Consider a jet of liquid of initial surface tension T 0 and density p 
flowing in "the positive z direction from an orifice whose equation is 
R(e,o) a + b cos ne (1) 
at a volume flow rate V cc/sec. We seek an equation for the surface of 
the jet of the form 
R(e,z) a + d... (z) + f(z) cos ne (2) 
in which (O} = 0, f(O) = b. We shall assume that ex and fare small com-
pared to a. With the assumptions made as to the character of liquid and 
flow, the velocity is derivable from a velocity potential ~(r,e,z) such 
that~= - grad ,6 and the jet system must satisfy the equations 
(3) 
p!(r,e + 2m1f ,z) • !(r,e,z) (3a) 








1 T(- + f v2 = constant 
Rl 2 
(5) 
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Eq·. (3) requires the velocity potential to satisfy LaPlace 1 s equation: 
the boundary conditions (3a, 3b) require respectively that the velocity 
potential be single-valued and that the velocity have no radial component 
at the orifice. Eq. (4), in which vR is the radial component of the velo-
city and vz• the axial component at the jet surface, requires that the di-
rection of flow at the surface be parallel to the surface, and hence that 
the jet configuration be time independent. Eq. (5) requires variations in 
pressure due to velocity variations to be compensated by pressure changes 
resulting from surface tension and altered principal curvatures. 
We assume the jet to be cylindrical in zeroth order, and seek the first 
order deviations from cylindrical form. The principal part of the velocity 
will then be a z component of v 0 = V /7t a 2 , and there will be correspond-
ingly a leading term -v0 z in the velocity potential, compared to which 
other terms will be small in first order.· 
The most general solution of the boundary value problem (3, 3a, 3b) 




z +~sin kz£'.A(k)J0 (ikr)+ B(k)Jn(ikr) cos n~dk 
D 
in which A(k) and B(k) are arbitrary functions to be determined subse-
quently and J 0 (ikr) and Jn(ikr) are Bessel's functions of orders and argu-
ments indicated. 
From Eq. (4), using Eqs. (2) and (6) and setting vz = v 0 since the 
term vR/vz is already small in first order 
1 r
00
ik Bin kz£'.A(k)J'(ikR) + B(k)J•(ikR) cos n67dk J
0 
o n ~ 
= c:i. .. (z) + r•(z) cos n0 (7) 
whence, equating coefficients of cos nO, setting R = a in first order terms 
and integrating 
r:/.. (z) = + 
f (z) t 
At the surface 







~A(k)J6(ika) cos kz dk 
0 
S."' B(k)Jri (ika) cos kz dk • 
0 
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The second term in (10) is small in first order; the velocity components 
normal to the jet axis will contain only first order terms. Hence, in 
evaluating v 2 only the Vz component will lead to a first order term, and 
we have correct to first order 
v
2 = v~ - 2v0 1: cos kzffi (k)J0 (1ka) + B(k)Jn(ika) c os n.Vdk. 
( 11) 
The sum of the principal curvatures is, to first order* 
1 + -. _l_ 1 1 . d 
2 R d 2R 
R1 H2 R - R2 ~ ~ (12) 
l R - u - 1 ~ 2R d 2R 
u ~ c.. 2 ~ - d?" (13) 
Using Eq. (2) 





2 oC " (z) - cos ne ff" (z) - n:2
1r(zJ7 
and hence by application of Eqs. (8) and (9) 
(14) 
(15) 
Applying the results expressed in Eqs. (11) and (15) to Eq. (5) we obtain 
T 1 2 id:> 
:1 + 2 e v 0 + 0 c 0 s kz 
whence, 
T 1 
- + -a 2 
= constant T 1 f' 2 : a + ~ VO 
considering coefficients of cos nO it is necessary that 
00 
f)v 2 ..f- r cos kz A(k) L'!T J~(ika) (k2 - ~) 




*This can be obtained by methods discusse~ in Forsyth 'Differential Geo-
metry' PP• 37-44 assuming all deriTatiTe products small in higher order. '. 





Now if T is constant, a+ 'Z v 0 2 in Eq. (17) is constant, the integral 
in Eq. (17) has therefore a constant value; no contradictions arise if this 
is taken as zero and the function A (k} taken as identically zero. If T is 
constant, we have by Fourier inversion of Eq. (18} 
= 0 (19) 
so that B(k) can have non-zero values only at the roots of the bracketed 
quantity. If k 0 denote the lowest root, the equation of the jet surface for 
the constant surface tension case is 
R(9,z) = a + b cos k 0 z cos n9 (20) 
and from measured values of k 0 the surface tension may be calculated 
from the equation 
T = 
1J 1 (1k a)L}C 2 + n2 - 17 n o o 2 =t a (21) 
If the surface tension is time dependent (hence, z dependent in the 
present problem) the integral in Eq. (17) cannot be assumed zero, and 
neither this integral nor the integral in Eq. (18) can be treated by Fourier 
inversion in the general case. For particular choices of the function T(z) 
some progress may be obtained by Fourier inversion; a rather simple 
and physically possible choice is 
(22) 
in which T 0 , T 00 , and C are constants. Using this expression for T the 
following integral equations are obtained · by Fourier inversion of EQs. 





) dk ' 
c2+(k'-k)2 
i(T -T )cld(') n2 1 1 = o oo B(k' )J 1 (1k 1 u ) (k 12+--::-2-) (--=----"""' 
11' Vo 0 n a c2+(k' +k)2 
+ 1 )dk 1 
c2+(k 1 -k)2 
(23a)* 
(23b) 
These integral equations permit, in principle, solution for the func-
tions A(k) and B(k), whence the functions ex (z) and f(z) can be obtained in 
principle from Eqs. (8) and (9). In practice the integral equations (23a) 
and (23b)are intractable; even if solved it is by no means certain that the 
resulting integrals in Eqs. (8) and (9) could be evaluated analytically. 
An approximate solution of the integral equation (18) may be obtained 
by converting it to an approximately equivalent differential equation sol-
vable by successive approximation. This conversion is based on the pre-
sumption that the function B(k) has an appreciable value only for small 
values of (ka), so that terms in the integrand can be expanded in power 
series in (ka) and higher terms neglected. This presumption is physically 
well-justified, for B(k) can have important values only for small values 
of.the bracketed portion of the integrand, and these occµr at small values 
of ka. 
Differentiation of Eq. (9) twice with respect to z leads to an analogous 
integral but with the integrand multiplied by (-k2 ), and the process can be 
iterated. Using the expansion 
1 




----+ ... J 
2n (n + 1)-;-
(24) 
*J(k) is the Dira c S function, i;e, Lim J'(k)=oo, J'(k)=o for 
1
~ k~o 
k;io~ , .a nd ~ J (k) dk .. 1 
THEORY OF VIBRATING JETS 307 
and neglecting higher terms Eq. (18) is reduced to 
0 v
0
2a ( 2 ) \ T n - 1 
( - T)f" + ff"' = 0 n 2n2 ( n + 1) (25) 
Setting T = y 0 + Y 1X (valid for small z), assuming that T/Pv0 2a is small 
in first order compared to unity, and for successive approximation treat-
ment setting f = f 0 + f1 where f 1 is small in first order compared to f0 • 
the differential equation (25) is reduced to the two equations 
n(n2 - l)~ 
0 
f" + f o = 0 0 ~ vo2a3 
(26a) 
f" + 
n(n2-l) ~ 0 
f 1 
n '( o 
f" 1 fvo2a3 pv 0 2a 
0 
n(n2 _1) ~ 1z a2 
f o - f"'' p v 
0
28 3 2n(n+l) 0 
(26b) 
of which the solution, subject to boundary conditions f(o) = b, f'(o) = 0 is. 
f(z) = bL'fl - ¥1z) cos k z - 5 (3n-l) 't okoz t1koz2 1 { 
~ 0 1 4 r v 0 2a + 4 6 0 4 ko i 0 ) 




The integral equation (17) does not appear suited for a similar analy-
sis. The lower root of the bracketed quantity in the integrand is imagi• 
nary, corresponding to an instable motion of the jet; the higher root cor-
responds to a value of ka large compared to unity.· An expansion similat-
to that used in treatment of Eq. (18) is therefore not valid. The following 
treatment of the angularly independent motion therefore returns to th¢ 
physical formulation of the problem, in which for this portion of the prob-
lem we may consider the orifice circular. Let T 0 , a, v 0 be the initial 
surface tension, jet radius, and velocity, and T, R, and v be the corre-
sponding quantities at z. Conservation of energy and mass will then re-
quire 
T 1 2 
-4--fv = 
R 2 (28) 
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= (29) 
Setting R = a + 5 (z), 5 (z) small in first order compared to a, there re-
sults 
~ T - T T0 - T 0 . = % 
a 2pv
0





2b T0 - T -) ~ v 0 (1 t a f vo2a (31) 
Now let T - T 0 = Y 1z, valid for small z, A velocity potential consistent 
with Eqs. (3) and (4) can be constructed as follows : 
whence if we select 
- ~ = 
~l 




it is evident that ~satisfies Eq. (3) and yields vz and VR correctly on 
differentiation. The function 5 (z) does not, however, satisfy the boundary 
condition a. 1(0) = O. A complete first order solution is readily seen to be 
r::J... ( z) sin k'z 
= 
a --~ k'z 
(34) 
in which k' is the higher root, corresponding to stable motion, of 
iTo 2 1 
-(k - -)J'(ika) - l:>v kJ (ika) = O 
v 
0 
a2 o \ o o (35) 





so that k'a :771. The harmonic term in (34) will therefore be negligible 
in practice, the high frequency oscillatory motion will tend to be averaged 
over in pract_ical measurement, and the boundary condition R '(o) = 0 can 
be replaced by R '(o) = + ~ 1 
2 
{or alternately, the orifice position 
2 \v0 
will not appear to be an extremum of the jet). 
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In near neighborhood of each value of z at which f'(z) = 0 there will be, 
by virtue of the magnitude of k', a value of z at which o: '(z) = 0. To suf-
ficient approximation we can therefore consider the original boundary 
value problem iterated, presuming 5 small sompared to £, at each root 
of 
&1 Cz) + f 1 (z) 0 (37) 
T - T 
except that v 0 should be replaced by v 0 ( 1 + _o __ ) and a should be re-
( 
vo Za 
T 0 - T 
placed by a (1 - ---2 ). Under usual experimental conditions these 2 v 0 a 
corrections will be negligible. 
2m 7t 
The roots of (37) in the neighborhoods of~ are obtained by sub-
stituting - 'Y 1z for T 0 - T in Eq. (30), and using first order expansions 
2m 7t 
for sine and cosine functions in Eq. (27) in the neighborhood of z = 
to obtain ko 
+ "i 1 (3n-l)'i 0 1fm ~l 712m2 
2 fvo 2 
- bkc/fk z - 2m1T ) + + _7 = 0 o m 2 pv 
0 
2a 





;rm ~11T 2m2 ~l 
k z = 2m1T 
2 r v 0 2a t o m ko ~ o 2bk f v 2 0 0 
(39) 
If the difference Zm + 1 - Zm be denoted by /... rn• then considering z 0 to be 
~l + 
2 
rather than zero there results 
2bko 2 f v o 
~m 
(3n-l) ~ 0 1f (2m•l) ({ 111
2 
= k 2 ..J 
0 0 0 
Now 
k 2 • n (n2-l) f o 
0 
(40) 
, and corresponds to the surface tension at 
the orifice. The surface tension midway between the rnth and (rn +l )st 
If we define 
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substitute in the first order term of (40) and expand we find 
Am 
21f (3n-l) i 01T 
= 









Setting k 0 ~ km 1'J 
21T in the correction term 
>--m 
21T { (3n-1)1T 
2 o} 
~ (43) k = 1 m ~m n(n2-l)A 2m 
and 
4112f vo2a3 2(3n-l)lf 
2a 2 
~m {1 (44) = - n(n2-l)A2m n(n2-l) ~2m 
Correcting for changed boundary conditions (see remarks following 
Eq. (37 )), 
41f2fvo2a3 
• 
~ o - ~ m 
(1 + 
2 ~ v 
0 
2a 
2 (3n-l)iT '2a 2 
)(1 - -----





these formulations being equivalent to first order. 
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Corrections for density of air, viscosity, and finite amplitude of vi-, 
bration developed by Bohr (3) may now be combined with these reshlts 
giving finally: 
(~6) 
Eq . (46) purports to give the surface tension at a point midway between 
successive crests in the jet from a measurement of the distance between 
crests. pm is the density of the medium (usually air); 9 , the viscosity 
in poises of the solution. It is presumed that the variation in surface 
tension over one wave length is small in first order compared to the suri.. 
face tension itself· if this is not true the calculated surface tension may 
correspond to a position somewhat displaced from a point midway be~ 
tween crests. It should always be possible; however, to · choose experi-
mental conditions such that the variati on in surface tension over one wav~ 
length will be small in first order. 
PUBLICATIONS OF MEMBERS OF THE STAFF 
OF THE IOWA STATE COLLEGE FOR 
THE ACADEMIC YEAR 1954-55 
Certain summaries and indices are of interest in a survey of the publications of 
members of the staff of an educational and research institution such as the Iowa State 
College. The publications are listed in alphabetic order under the names of the senior 
authors. Junior authors are also listed alphabetically with cross reference to senior 
author. 
SUMMARY 
Number of individuals listed. . . . 
Number of publications. . . . . . 
Number of publications with single author 





Number of departments or fields represented in publications 
Number of individuals who serve as editors or on the editorial staff 
45 
of one or more scientific or technical periodicals. 42 
The individuals thus serving are: 
Ayres, J.C., Ayres, Q. C., Becker, Biester, Bolton, Brozier, Buchanan, 
Burroughs, Dahm, Davies, A. W., Diehl, Douglas, Dwelle, Eppright, Fassel, 
Getty, Gilman, Gowen, Graebner, Harris, Hartley, Hazel, Heady, Heath, Heer, 
Hendrickson, Iverson, Johnson, I. J., Jones, W. P., Kirkham, Keutemeyer, 
Loomis, Lunden, Parks, W.R., Riecken, Ross, Snedecor, Sprague, Swanson, 
Tintner, Wenkert, Werkman. 
INDEX TO PUBLICATIONS BY DEPARTMENTS OR FIELDS 
The numbers which follow the names of the departments refer to the index number 
of the alphabetic list by authors. 
Aeronautical Engineering: Total 1 -
Number 511 . 
Agricultural Engineering: Total 18 -
Numbers 7, 11, 67, 103, 104, 
149, 266, 284, 285, 341, 400, 401, 
402, 403, 557, 598, 664, 680. 
Agronomy: Total 92 - Numbers 1, 4a, 
31, 63, 72, 81, 91, 92, 170, 
215, 237, 255, 257, 267, 268, 269, 
270, 271, 303, 304, 335, 342, 343, 
349, 365, 366, 374, 391, 406, 418, 
419, 426, 436, 437. 438, 452, 453, 
457. 458, 459, 505, 514, 520, 548, 
549, 550, 551, 552, 578, 582, 583, 
584, 585, 588, 589, 590, 594, 595, 
596, 602, 605, 606, 607, 608, 621, 
622, 638, 639, 640, 641, 646, 647, 
654, 662, 663, 665, 680, 683, 684, 
686, 694, 697, 698, 699, 700, 701, 
702, 703, 704, 717, 718, 719. 
Animal Husbandry: Total 38 - Numbers 
2, 3, 4, 21, l16,117, 119, 120, 121, 
122, 123, 124, 125, 126, 127, 130, 
131, 177, 216, 321, 353, 354, 409, 
412, 439, 449, 476, 477, 478, 479, 
502, 506, 507, 564, 572, 595, 681, 
722. 
Bacteriology: Total 15 - Numbers 94, 
95, 96, 97, 98, 99, 100, 101, 
102, 140, 141, 259, 260, 467. 534. 
Botany: Total 67 - Numbers 20, 34, 42, 
43, 44, 73, 75, 91, 92, 129, 159, 
172, 182, 217, 218, 220, 240, 241, 
242, 253, 254, 262, 298, 307, 310, 
312, 335, 341, 384, 390, 391, 395, 
396, 408, 420, 469, 470, 472, 488, 
489, 490, 491, 515, 529, 561, 566, 
597, 604, 617, 618, 619, 620, 621, 
622, 655, 658, 668, 669, 697, 698, 
699, 700, 701, 702, 703, 704, 720 . 
Ceramic Engineering: Total 6 - Numbers 
150, 524, 705, 706, 707, 708 . 
Chemical Engineering: Total 17 -
Numbers 12, 13, 14, 15, ·16, 
17, 58, 59, 60, 76, 77' 78, 
243, 251, 264, 265, 632. 
Chemistry: Total 98 - Numbers 4, 10, 
28, 29, 30, 41, 55, 60, 70, 
71, 79, 80, 88, 89, 131, 132, 
133, 134, 155, 178, 179, 180, 186, 
209, 210, 211, 212, 213, 214, 247, 
248, 256, 261, 272, 273, 274, 275, 
276, 286, 287, 288, 289, 290, 291, 
(575) 
576 STAFF MEMBER PUBLICATIONS, l 954-S5 
292, 293, 294, 295, 296, 297, 299, Household Equipment: Total 3 -
302, 311, 328, 329, 330, 331, 332, Numbers 208, 219, 544 . 
333, 334, 338, 339, 340, 351, 3S2, Industrial Administration: Total 1 -
393, 397, 410, 433, 434, 442, 499, Number S30, 
soo, 501, 502, 504, 509, ~l 0, 516, Information Service: Total 2 -
531, 539, 564, S86, 631, 636, 637, Numbers 280, S87, 
667, 681, 687, 688, 689, 690, 691, Library: Total 1 - Number 532. 
692, 709, 713, 721, 722. 
Child Development: Total 2 -
Numbers 3SO, 565 . 
Civil Engineering: Total · 24 -
Numbers 26, 35, 36, ' 37. 
39, 136, 137, 138, 1 Sl. 152, 
167, 168, 336, 337, 379, 480, 




Dairy Industry: Total 15 - Numbers 23, 
24, 56, S7, 62, 258, 327. 454, 
45S, 659, 660, 678, 679, 711, 71 2. 
Economics and Sociology: Total 70 -
Numbers 1, 2S, 40, 4S, 46, 
4 7. 49, S4, 74, 87. 90, 142, 
143, 1S4, 1S6, 161, 162, 163, 164, 
187, 188, 341, 356, 3S7, 3S8, 3S9, 
360, 361, 362, 363, 364, 36S, 366, 
367, 368, 369, 370, 394, 405, 413, 
424, 425, 429, 474, 475, 486, 521, 
522, 523, S27, 553, SSS, SS6, S57, 
S77. 611, 612, 613 . 614, 61 s, 616, 
644, 666, 670, 671, 672, 673, 674, 
675, 696. 
Electrical Engineering: Total 3 -
Numbers 14S, 398, 399. 
Engineering Administration: Total 1 -
Number 630. 
Engineering Drawing: Total 2 -
Numbers S, 6. 
English and Speech: Total 5 -
Numbers 371, 372, 386, 404, 472, 
Food and Nutrition: Total 28 - Numbers 
18, 19, 52, llS, 139, 221, 222, 
223, 224, 22S, 226 , 227, 228 , 229, 
230, 238 , 239, 279, 473, 498, 649, 
650, 6Sl, 652, 653, 714, 715, 716. 
Food Technology: Total S -
Numbers 22, 23, 24, llS, 28 1. 
Forestry: Total 7 - Numbers 
159, 4.82 , 483, 488, 489, 490, 491. 
General Engineering: Total 2 -
Numbers 160, 278. 
Genetics : Total 7 - Numbers 
93, 305, 306, 313, 387, 388, 667. 
History and Government: Total 8 -
Numbers 308, 309, 540, S41, 579, 
S80, 592, 593. 
Home Economics Administration: 
Total 1 - Number 456 . 
Home Economics Education: Total 3 -
Numbers 128, 208, S43 . 
Horticulture : Total 16 - Numbers 
105, 106, 173, 320, 427, 428, 43S, 
450, 4Sl , 492, 493, 494, 495, 496, 
497, 554 . 
Mathematics: Total 2 - Numbers 301, 
S76. 
Mechanical Engineering: Total 1 -
Number 2SO. 
Physics : Total 24 - Numbers 8, 107, 
171, 326 , 373, 416, 417, 422, 441, 
513, Sl5, S26, SS9, S62, S63, S78, 
S81, 603, 609, 610, 623, 624, 62S, 
626. 
Poultry Husbandry: Total 7 - Numbers 
27, 146, 147, 185, 246, 528, 547. 
Psychology: Total 6 - Numbers 108, 
277, 484, 535, 536, 560 . 
Statistics: Total 40 - Numbers 3, 7, 
9, 63, 11 S, 142, 143, 164, 165, 
169, 252, 261, 269, 300, 317, 318, 
319, 347, 348, 392, 407, 409, 411, 
412, 413, 414, 41S, 430, 431, 432, 
448, S33, 633, 671, 672, 673, 674, 
675, 710, 725. 
Technical Journalism: Total S -
Numbers 183, 184, 35S, S45, S46. 
Textiles and Clothing: Total 3 -
Numbers 389, 48S, S7S. 
Theoretical and Applied Mechanics: 
Total 7 - Numbers 189, 314, 379, 
380, 517, 518, Sl9. 
Veterinary Anatomy: Total 2 -
Numbers 135, 283. 
Veterinary Hygiene: Total 4 -
Numbers 32, 33, 144, 508. 
Veterinary Medical Diagnostic Laboratory: 
Total - 1 Number 315. 
Veterinary Pathology: Total 3 -
Numbers S3, 567, 629. 
Vocational Education: Total 5 -
Numbers 181, 381, 382, 383, 68S. 
Zoology and Entomology: Total 103 -
Numbers 51, 64, 6S, 66, 68, 
82, 83, 109, 110, 111, 112, 113, 
114, 118, 148, 149, 157, 1S8, 174, 
175, 176, 190, 191, 192, 193, 194, 
195, 196, 197, 198, 199, 200, 201, 
202, 203, 204, 205, 206, 207, 231, 
232, 233, 234, 235, 236, 244, 245 , 
249 , 263, 282, 316, 322, 323, 324, 
32S, 341, 344, 345, 346, 375, 376, 
377, 378 , 42 1, 440, 443, 444, 445, 
446. 447, 448 , 460, 461, 462, 463, 
464, 465, 466, 468, 481 , 529, 537, 
538, S42, 568, 569, 570, 571 , 573, 
S74, 591, 628, 642, 643, 658, 661, 
667, 676, 677, 682, 693, 695, 723. 
STAFF MEMBER PUBLICATIONS, 1954-55 577 
INDEX BY RESEARCH INSTITUTES AND EXTENSION SER VICES 
Agricultural Experiment Station: Engineering Experiment Station: Total 38 -
Total 337 - Numbers 1, 3, 4, Numbers 12, 13 , 14, 15, 16, 
4a, 7, 9, 11, 21, 22, 23, 17, 26, 36, 37, 38, 39, 69, 
24, 25, 27, 31, 34, 40, 42, 77, 78, 84, 85, 86, 136, 137, 
43, 45, 46, 47, 49, 52, 56, 138, 150, 152, 153, 167, 168, 189, 
57, 62, 63, 67, 68, 72, 73, 243, 251, 336, 337, 398, 480, 512, 
74, 81, 82, 83, 87, 90, 91, 578, 581, 627, 634, 635. 
92, 93, 103, 104, 106, l15, 116, Engineering Extension Service: Total 2 -
117. 119, 120, 121, 122, 125, 126, Numbers 35, 525 . 
127' 128, 129, 130, 131, 139, 140, Extension Service in Agriculture and 
142, 143, 146, 147. 148, 149, 156, Home Economics: Total 14 - Numbers 
157, 158, 159, 172, 173, 174, 175, ll, 106, 115, 240, 241, 316, 341, 
176, 177' 183, 184, 185, 187, 188, 4 2 0, 5 3 7 , 5 5 l , 5 7 5, 61 7, 64 5, 6 6 6 . 
215, 216, 217' 219, 220, 221, 222, Industrial Science Research Institute: 
223, 224 , 225, 226, 227, 228, 229, Total 75 - Numbers 51, 70, 71, 
230, 235, 236, 237, 238, 239, 240, 109, 110, lll, l12, 113, 114, 140, 
241, 242, 244, 245, 246, 253, 254, 141, 190, 191, 192, 193, 194, 195, 
255, 257, 258, 261, 262, 263, 264, 196, 197' 198, 199, 200, 201, 202, 
265, 267, 269, 270, 271, 279, 281, 203, 204, 205, 206, 207, 259, 260, 
284, 285, 298, 303, 304, 305, 306, 286, 287, 288, 289, 290, 291, 292, 
307, 320, 321, 335, 342, 343, 349, 293, 294, 295, 296, 297, 322, 323, 
353, 354, 356, 357. 359, 360, 361, 324, 325, 329, 331, 332, 333, 334, 
362, 363, 364, 365, 366, 367, 368, 347, 351, 352, 380, 414, 415, 445, 
369, 374, 375, 376, 377, 378, 387, 446, 467' 474, 475, 484, 504, 509, 
390, 391, 392, 395, 396, 400, 401, 531, 536, 539, 542, 560, 623, 624, 
405, 406, 408, 409, 41l, 412, 413, 642, 643, 
414, 415, 418, 419, 420, 421, 424, Institute for Atomic Research: Total 71 -
425, 426, 427, 428, 429, 430, 431, Numbers 8, 20, 28, 29, 30, 
432, 435, 436, 437, 438, 439, 440, 58, 59, 60, 76, 93, 107. 132, 
443, 444, 447, 448, 449, 450, 451, 133, 134, 155, 171, 186, 209, 210, 
454, 455, 457' 458, 459, 460, 461, 211, 212, 213, 214, 247, 248, 256, 
462, 463, 464, 465, 466, 468, 471, 272, 273, 274, 275, 276, 302, 305, 
476, 478, 479, 486, 490, 492, 493, 310, 311, 312, 313, 338, 339, 340, 
494, 495, 496, 497. 498, 502, 505, 373, 393, 397, 416, 417, 422, 441, 
506, 510, 514, 515, 520, 521, 522, 442, 499, 500, 501, 513, 524, 526, 
523, 527, 528, 529, 548, 549, 550, 534, 562, 563, 566, 609, 610, 631, 
551, 552, 553, 554, 557, 561, 564, 632, 636, 637. 705, 706, 707. 708, 
565, 568, 569, 571, 572, 573, 574, 709, 713, 721. 
577. 578, 582, 584, 585, 588, 589, Statistical Laboratory: Total 37 -
590, 594, 595, 596, 597. 598, 602, Numbers 3, 9, 63, 82, 142, 
604, 605, 606, 607. 608, 611, 613, 143~ 164, 165, 183, 184, 227, 252, 
618, 619, 620, 621, 622, 641, 644, 261, 269, 300, 301, 317, 318, 319, 
646, 647, 649, 650, 651, 652, 653, 347, 348, 392, 407, 409, 411,' 414, 
654, 655, 658, 659, 660, 661, 662, 415, 430, 431, 432, 448, 672, 673, 
663, 664, 666, 667. 668, 669, 670, 674, 675, 710, 725,. 
671, 675, 678, 679, 680, 681, 682, Veterinary Medical Research Institute: 
683, 684, 686, 693, 694, 696, 697, Total 11 - Numbers 41, 385, 487. 
698, 699, 700, 701, 702, 703~ 704, 503, 558, 599, 600, 601, 656, 657, 
705, 710, 711, 712, 714, 715, 716, 724. 
717, 718, 722, 723, 725, 
578 
AUTHORS AND PUBLICATIONS 
L Aandahl, A. R., W. G. Murray, and W. H. Scholtes. Economic rating of soils for 
tax assessment. Jour. Farm Econ. 36:483-499. 1954. 
Acker, D.C., joint author. See under Ashton, Jensen, A.H. 
2. Albert, W.W., U.S. Garrigus, R.M. Forbes, and W.H. Hale. Modified urea 
supplements with corn silage for wintering ewe lambs. Jour. Animal Sci. 
14:143-152. 1955. 
Alex~der, L. T., joint author. See under Muckenhirn. 
Allaway, W.H., joint author. See under Hammond . 
. 3-••. Allen, R.S., P.G. Homeyer, and N.L. Jacobson. Use of activated glycerol di-
chlorohydrin for estimating vitamin A in dairy calf blood plasma. Iowa State 
Coll. Jour. Sci. 29:721-734. 1955. 
4. , and N.L. :Jacobson. Effect of massive dosage of vitamin A on the blood 
---plasma fat and vitamin A levels in dairy calves. Proc. Iowa Ac ad. Sci. 
61:205-209. 1955. 
--:- joint author. See under Jacobson, Lambert, Martin, T.G., Picken, 
---Porter, A.R., Voelker. 
4a. Allos, H.F., and W. V. Bartholomew. Effect of available nitrogen on symbiotic 
fixation. Soil Sci. Soc. Arner. Proc. 19:182-184. 1955. 
5. Alrnfeldt, M. W., and Kenneth E. Haughton:-Engineering Drawing Problem Book -
Book I. 70 pp. Wm. C. Brown Co. 1955. 
6. , Engineering Drawing Problem Book - Book II. 90 pp. Wm. C. 
---Brown Co. 1955. 
7. Altman, Landy B. Jr., and Emil H. Jebe. Load characteristics of southeastern 
Iowa farms using electric ranges. Agric. Expt. Sta. Res. Bull. 420. 16 pp. 
1955. 
8. Altshuler, S., and J. F. Carlson. Time dependent variational principle. Phys. 
Rev. 95:546-548. 1954. 
9. Anderson,V.L., and 0. Kempthorne. A model for the study of quantitative 
inheritance. Genetics 39:883-898. 1954. 
10. Anfinsen, C.B., W.F. Harrington, A. Hviot, K. Linderstrpm-Lang, M. Ottesen, 
and J. Schellman. Studies on the structural basis of ribonuclease activity. 
Biochirn. et Biophy. Acta. 17:141-142. 1955. 
Angus, R., joint author. See under Willis. 
11. Armstrong, Ray E., and Dale 0. Hull. Farm custom rates for 1955. Iowa Farm 
Sci. 9:13-14. 1955 . 
12. Arnold, L.K., and H.C . Arvidson, Jr. The solvent extraction of fish offal;Jour. 
Amer. Oil Chemist's Soc. 32:163-166. 1955. 
13. , . Solvent extraction of meat offal. Jour. Amer. Oil Chemist's Soc. 
--32:25-29. 1955. 
14. -:-- and George Burnett, Jr. The determination of small amounts of trichloro-
---ethylene in soybean oil meal. Proc . Iowa Acad. Sci. 61:210-216. 1954. 
15. , W.G. Juhl, and H.C. Arvidson, Jr. Densities and-;iscosities of tri-
---chloroethylene miscellas of cottonseed oil, fis.h oil, and beef tallow. Jour. 
Arner. OilChernist's Soc. 31:393-394. 1954. 
16. ___ , ___ The reduction offree gossypol in cottonseed flakes during solvent 
extraction. Jour. Amer. Oil Chemist's Soc. 32:151-152. 1955. 
1 7. , . Solvent extraction of cottonseed meals. ' Jour. Amer. Oil Chemist's 
--Soc. 31:613-618. 1954. 
18. Arnrich, Lotte. The effect of hypothyroidism in the metabolism of carotene in 
dogs. Jour. Nutrition 56:35-50. 1955. 
19. , and Agnes Fay Morgan. The utilization of carotene by hypothyroid rats. 
---Jour. Nutrition. 54:107-120. 1954. 
20. Aronoff. S. Translo~tion from soybean leaves. II. Plant Physiol. ~:184-185. 
1955. 
, joint author. See under Graf, Racusen. 
Arvidson, H. C. Jr., joint author. See under Arnold. 
STAFF MEMBER PUBLICATIONS, 1954-55 579 
21. Ashton, G. C., J. Kastelic, D. C . Acker, A.H. Jensen, H . M. Maddock, E. A. 
Kline, and D. V. Catron . Different protein levels with and without antibiotics 
for growing-finishing swine: Effect on carcass leanness 1,2,3. Jour. 
Animal Sci. 14:82-93. 1955 . 
, joint auth~. See under Catron, Jensen, A . H. 
Atkins, D.F . , joint author. See under Dooley . 
Atkins, R.E . , joint author. See under Finkner, Taylor. 
Austrheim, H. A., joint author. See under Bureau. 
Avakian, Souren, joint author. See under Gilman. 
22. Ayres, John C. · Stability of dehydrated eggs - a symposium II . Salmonella prob-
lems . Methodology for isolating Salmonella from dried egg products. Natl. 
Acad. Sci. - Natl. Res. Coun. pp.74-82. 1954 . 
23. Quality and stability of canned meats - a symposium II. Microbiological 
---factors affecting canned meats. Natl. Acad. Sci. - Natl. Res. Coun. pp. 15-
25. 1954 . 













---removal of glucose from egg albumen. Bact. Proc. 55th General Meet. New 
York City. pp. 20-21. 1 955 . 
joint author. See under Carlin. 
Associate Editor, Food Technology. 
Ayres, Quincy C., Consulting Editor, McGraw-Hill Agric. Engr . Ser. (12 books) 
Babbar, M. M., Gerhard Tintner, and Earl Heady. Programming with consider-
ation of variations in input coefficients. Jour. Farm Econ.37:333-341. 1955. 
Babbit, Harold E. and E. Robert Baumann. Effect of body feed~ the filtration 
of water through diatomite. Univ. of Illinois Engr. Expt. Sta. Bull. No.425. 
pp. 1-40. 1954. 
, joint author. See under Baumann. 
Baker, C.B., joint author . See under Heady. 
Baker, M.L., joint author. See under Dickerson. 
Baker, M.P., joint author. See under Fortney. 
Balloun, S. L. The effect of quaternary ammonium derivatives in chick diets. 
Poultry Sci. 34: 191-196. 1955. 
, joint autho-;: See under Donovan . 
Bancroft, T. A., joint author. See under Brindley: 
Banks, C. V., and R. J. Davis. Analytical applications of the reaction of thorium 
with benzenephosphonic acid. Analyt. Chim. Acta 12:418-431. 1955. 
, and R. E. Edwards. Separation and determinatio~of thorium and alumi-
---num. Analyt. Chem. 27:947-949. 1955. 
, R.W. VanderHaar,-;:ndR.P. VanderWal. Magnetic studies ofnickel(II) 
---complexes with some vic-dioximes. Jour. Amer. Chem. Soc. 77:324-325. 
1955. -
, joint author. See under Klingman. 
Barger, Gerald L. The climate of Iowa. Introduction. Iowa Agric. Expt. Sta. 
Spec. Rept. No. 7. 7 pp. 1954. 
, joint author. See under Shaw, R.H. 
Barnes, K.K., joint author. See under Frevert. 
Barnes, L.E. Oxytetracycline in bovine mastitis 1. Treatment of mastitis . 
Amer. Jour. Vet. Res. 16:386-390. 1955 . 
. Four cases of bovine~astitis caused by Klebsiella pneumoniae. Jour . 
---Amer. Vet. Med. Assoc. 125:50-54. 1954. 
; joint author. See underCollier. 
Bartholomew, W. V., joint author. See under Allos, Fitts, Johnson, I. J., 
Kirkham. 
Bass, Louis N. Factors affecting germination of Kentucky bluegrass seed. Iowa 
State Coll. Jour. Sci. 28:503-519. 1954. 
, joint author. See u~er Delo1,1che, Grabe. 
Baumann, E. Robert. Iowa sewage works operators' basic training course. 
League of Iowa Municipalities Monthly Magazine 9:9-12. 1955. 
, and Harold E .. Babbitt. The removalof Entamoeba histolytica cysts from 
---water by porous filter septums either with or without filter aid. Univ. of 
Illinois Engr. Expt. Sta. Bull. No. 431. 52 :1-40. 1955. 
580 STAFF MEMBER PUBLICATIONS, 1954-55 
37. ___ , and Charles S. Oulman. The specific heat of garbage. Publ. Health 
Repts. 80:805-809. 1955. 
38. , and M . T. Skodje. Garbage cooking in Iowa. Publ. Works Mag. 86:158. 
--1955. 
39. , Garbage cooking in Iowa. Publ. Health Repts. 70:314-318. 1955. 
---, joint author . See under Babbitt, Morgan, P.E., and Skodje. 
40. Baumann, Ross V., and Earl 0. Heady. Costs and returns for soil-conserving 
farming systems on Ida-Monona soils. Iowa Agric. Expt. Sta. Bull. 429. 1955. 
, joint author. See under Jensen, H.R. 
41. Bauriedel, Wallace R., JosephC. Picken Jr., and Leland A. Underkofler. 
Reaction of cyanocobalamin and aquocobalamin with proteins. Fed. Proc. 
14:{1), 1955. 
42. Baxt;;, John W. Diseases of forage legumes in Iowa inl954. Plant Dis. Reporter 
39:239. 1955. 
- 4·3. -:- Species of Puccinia on salvia in Europe, Asia, and Africa. Mycologia 
--47:225-232. 1955. 
44. Beal:-Ernest 0. ·and Paul H. Monson. Marsh and Aquatic Angiosperms of Iowa. 
State University of Iowa Studies in Natural History . 95 pp. 1 954. 
45. Beal, George M. Are farmers satisfied with their co-ops? Iowa FaTm Sci. 
2_:7-10. 1955. 
46. • Farmer co-operatives and member satisfactions. Midwest Sociologist 
---"T7:47-53. 1955. 
47. What makes a satisfied co-op member? News for Farmer Cooperatives 
--22:12-13. 1955. 
48. --: How can we get more member participation? News for Farmer Coopera-
---tives 22:14-15. 1955. 
49. , andRichard Phillips. What does participation mean. News for Farmer 
---Cooperatives 22: 10-11. 1955. 
50. Becker, Elery R. -The host affinities of Isospora bigemina - type Coccidia. 
Proc. IowaAcad. Sci . 61 :463-467. 1954. 
51. , and William J. Zim~ermann. Influence of alcoholic extract of horse 
---kidney on Eimeria tenella infection in chicks. Proc. Iowa Acad. Sci. 60:574-
578. 1953-.--- --- -
, joint author. See under Pattillo. 
---, Board of Editors. Journal of Protozoology; and Journal of Morphology. 
52. Beegle, R.M., P.H. Roberts, N. Howard, J. Smith, I. Pesek, M.H. Britton, 
et al. Weights of foods eaten per meal by 242 women, 30 to 92 years of age. 
Mi-;higan Agric. Expt. Sta. North Central Regional Bull. No. 37. 32 pp. 1954. 
Beel, John A., joint author. See under King, W., Bernard. 
Bell, M. R., joint author. See under Lambert. 
53. Benbrook, Edward A. A life cycle approach to parasite control. Proc. 9lst 
Meet. Amer. Vet. Med. Assoc. pp.247-249. 1954. 
54. Beneke, Raymond R., Richard Phillips, and Roy M. Kottmann. Training 
tomorrow's co-op manager. Co-op Grain Quart. 13:55-61. 1955. 
55. Benkeser, R.A. , and H. Gilman. Copper in organic chemistry. A chapter in 
A. C. S. Monograph No . 122, "Copper", A. Butts, Ed. Rheinhold Publ. Corp. 
1954. 
, joint author. See under Gilman. 
56. Bennett, F. W., and F.E. Nelson. Action of aerosols of certain viricidal agents 
on lactic streptococcus bacteriophage. Jour. Dairy Sci. 37:840-846. 1954. 
57. , . Action of certain viricidal agents on lactic streptococcus bacterio-
---phage in liquids. J our. Dairy Sci. 3 7: 84 7 - 8 5 6. 1 954. 
Bennett, Paul C., joint author. See unck""r Picken, 
Beveridge, Elizabeth, joint author. See under Dudley. 
58. Beyer, G.H., and R.B. Edwards. Flooding characteristics of a pulse extraction 
column. Ames Lab. Rept. ISC-553. 28 pp. 1954. 
59. , and F.M. Jacobsen. Operating characteristics of a centrifugal extractor. 
--Ames Lab . Rept. ISC-548. 39 pp. 1954. 
60. , D.R. Spink, J.B. West, and H.A. Wilhelm. Caustic treatment of zircon 
---sand. Chem. Engr. Progr. Symposium Ser. 50:67-71. 1954. 
Biester, H.E., j oint author. See under Picken, Zimmermann. 
, Associate Editor, The Cornell Veterinarian. 
STAFF MEMBER PUBLICATIONS, 1954-55 581 
62. Bird, E.W., and 0. M. Ystgaard. Some aspects of the detection of watering in 
milk. Jour. Dairy Sci. 38:453-456. 1955. 
, joint author. See und;; Fortney. 
63. Black, C. A., and 0. Kempthorne. Willcox's agrobiology: I. Theory of the nitro-
gen constant 318. Agron. Jour. 46:303-307. 1954. 
, joint author. See under Bouldin, Heslep, Legg, Mehta, White, Wm.C. 
Blake, J. T., joint author . See under Jacobson. 
64. Bliese , John C. W. Cover density of a city summer and fall Bronzed Grackle 
roost. Proc. Iowa Acad. Sci. 61:479 -491. 1954. 
65. . Some physical measurements of the Bronzed Grackle roost at Ames, 
---Iowa. Proc. Iowa Acad. Sci. 61:468-478. 1954. 
66. Thunderstorms, wind direction, and Grackle flights. Iowa Birdlife 25: 
--30-31. 1955. 
Blunn, C.T., joint author. See under Dickerson. 
67. Bockhop, C. W., and Kenneth K. Barnes. Power distribution and requirements 
ofaflailtypeforageharvester. Agric. Engr. 36:453-457. 1955. 
68. Boehnke, Roger H. Winter movements and covey co-;;position of the eastern Bob -
White. Proc. Iowa Acad. Sci. 61:500-503. 1954. 
69. Bolton, J.H. The use of good English. The Exponent. (published in a series) 
Oct. pp.16-23; Nov. pp.16-18; Dec . pp.16-18; 1954. Jan. pp.16-23; Mar. 
pp.17-24; 1955. (Reprinted as Engr. Report 24, "The Use of Good English 
in Technical Writing." 1955. 
, Editor, Iowa Engr. Expt . Sta. Bulletins and Reports. 
Bonha.g, Philip F., joint author. See under Wick. 
70. Boozer, Charles E., George S. Hammond, Chester E. Hamilton, and Jyotirindra 
N. Sen . ' Air oxidation of hydrocarbons. II The stoichiometry and fate 
of inhibitors in benzene and chlorobenzene solutions. Jour. Amer. Chem. 
Soc. 77:3233-l237. 1955. 
71. , , , and Conrad Peterson. Air oxidation of hydrocarbons. IV 
---The effects of varying solvent and the mechanism of uninhibited chain termi-
nation. Jour. Amer. Chem. Soc. 77 :3380-3382. 1955. 
, joint author. See under Hammo~. 
72. Bouldin, D.R., and C.A. Black. Phosphorus diffusion in soils. Proc. Soil Sci. 
Soc. Amer. 18:255-259. 1954. 
73. Bowen, C.C. Feulgen staining of cell suspensions. Stain Technol. 30:135-138. 
1955. 
, joint author. · See under Wilson, G. B . 
74. Bowlen, Bernard, and Earl 0. Heady. Optimum combinations of competitive 
crops at particular locations. Iowa Agr. Expt. Sta. Bull. 426. 1955. 
75. Bragonier, W.H., J.D. Dodd, and J.C. Gilman. Episodes in Plant Phylogeny. 
Wm. C. Brown Co., Dubuque, Iowa, 2nd ed. 1955. 
, joint author. See under Johnson, I.J. 
76. Brehm, R.K., and V.A. Fassel. Direct spectrochemical analyses with a rapid 
scanning spectrometer. Spectrochim. Acta 6:341-372. 1954. 
77. Bridger, G. L. Fertilizers. Analyt. Chem. 27:632-636. 1955. 
78. , and H.A. Burzlaff. Fertilizer drying:- Jour. Agric. and Food Chem. 
--2:1170-1173. 1954 . 
-. joint author. See under Smutz. 
79. Brierly, J.M., J.L. Ellingboe, and Harvey Diehl. Catalytic behavior of vitamin 
Bua in the oxidation of iodide by air . Iowa State Coll. Jour . Sci. 27:425-435. 
1953. 
80. , R.R. Sealock, and H. Diehl. The rate of ammonia production in the acid 
---hydrolysis_ of vitamin B 12 • Iowa State Coll. Jour. Sci. 29:141-142. 1954. 
--"'- 81. Brigham, R. D., and C. P. Wilsie. Seed setting and vegetative vigor of Ladino 
clover (Trifolium repens Leyss) clones and their diallel crosses. Agron. 
Jour. 47:125-127. 1955. 
82. Brindley, T:'A., H.C . Cox;W.G. Lovely, and T.A. Bancroft. Timing corn 
borer spray applications. ·Proc. Tenth Ann. Meet. North Central Branch 
Ent. Soc. Amer. 10:10-11. 1955. 
83. , et al. Seek better borer control methods. Your Expt. Sta. Repts. 1951-
---53. -A -;ept. of the Iowa Agric. Expt. Sta. pp. 7-8. 1954. 
, joint author. See under Cox. 


























STAFF MEMBER PUBLICATIONS, 1954-55 
Broadbent, H.S., joint author. See under Gilman. 
Brosier, Mark H. Let's talk fire protection. Telephony 149:21-39. 1955. 
. A new approach to leadership. Internatl. Fire Fighter. 38:9-12. 1955. 
---, F. W. Nelson, Wm. R. Simpson, and Keith Roger. 333 Qu~tions and 
---Answers for Firemen. Engr. Ext: 2nd ed. 67 pp. 1955. 
, Supervisor Fire Service Information. 
Brough, Owen L. and G. S. Shepherd . Objective grade specifications for slaughter 
barrow and gilt carcasses. Agric . Expt. Res. Bull. No.421. 1955. 
Brown, F. E., and R. C. Peabody. Cuprous oxide as a catalyst. II. Adsorption 
by cuprous oxide. Proc . Iowa Acad. Sci. 61:233-249. 1954. 
, and J. D. Woods. Radiochlorine36 as a tracer in the decomposition of 
---potassium chlorate. Proc. Iowa Acad . Sci. 61:250-254. 1954. 
, Abstractor for Chemical Abstracts. -
Brown, William G. and Earl 0. Heady. Economic instability and choices involv-
ing income and risk in livestock and poultry production. Iowa Agric. Expt. 
Sta. Res. Bull. 431. 1955. 
, joint author. See under Heady. 
Browning, J.A., and K.J. Frey. Stem rust resistant oat strains derived from 
irradiated seeds. Phytopath. 44:483. 1954. 
, , H.C. Murphy, M.D:--Simons, andS.C. Wiggans. Contributions 
---from Iowa. Natl. Oat Newsletter 5:38-41. 1955. 
Bryan, John H. D. Differential staining of tissue components with a mixture of 
safranin and fast green FCF . Stain Technol. 30:153-157. 1955. 
Buchanan, R.E. Taxonomy . Chapter in: Ann. R~. Microbiol. 9:1-20. 1955. 
, S. T. Cowan, and T. Wiken. The bacterial generic namesMicrococcus 
---and Staphylococcus . Internatl. Bull. Bact. Nomen. and Tax. 4:163-166. 
1954. 
, . Amendments to the international code of nomenclature of 
---the bacteria and viruses . Internatl. Bull. Bact. Nomen. Tax. 4:167-188. 
1954. -
, . Status of the generic names Escherichia, Klebsiella, 
---Ae~er, and Cloaca. Internatl. Bull. Bact. Nomen. and Tax. 4:159-162. 
1954. --- -
, The status and synonymy of the bacterial generic name 
---As~c~Internatl. Bull . Bact. Nomen . and Tax. 5:13-20. 1955. 
, , , Status of the generic names Nitromon.;:$, Nitrosomonas, 
---Nit~oc~ and Nitrobacter . Internatl. Bull. Bact. Nomen. aa.nd Tax. 
5:28-3~. 1955 . 
, , . The status -of the generic names Arthrobacter · Fischer and 
--A-rt~cter Conn and Dimmick. Internatl. Bull. Bact. Nomen. and Tax. 
~:83-84. 1955. 
, , , and the Judicial Commission . Status of generic names 
---published without names of included species . Internatl. Bull . Bact. Nomen. 
and Tax. 5:21-26. 1955. 
, , , . Status of the generic name Selenomonas von 
---Prowazek. Internatl. Bull. Bact . Nomen. and Tax. 5:7-12. _ 1955. 
. Editor, General Bacteriology Section, Biological Abstracts. 
--- Chairman Editorial Board, International Bulletin of Bacteriological 
--N-omenclature and Taxonomy . 
. Editor-in-Chief, Iowa State College Journal of Science. 
Buchele, W. F., E. V. Collins, and W. G. Lovely. Ridge farming for soil and 
~atercontrol. Agric. Engr. 36:324-329,331. 1955. 
___ > - ·--' ___ • Ridge planting saves ... soil, water. Iowa Farm Sci. 
_2.:3-5. 1955. 
Buchholtz, W. F ., joint author. See under Fink. 
B_uck, Griffith J. Roses. Iowa State College Pamphlet 218. 4 pp. 1955. 
, and E.G. Volz. A handbook for rose growers. Iowa State College Bull. 
---P-117. , 31 pp. 1955. 
Bulgrin, V. C ., joint author. See under Duke. 
Bundy, Clarence E., joint author. See under Diggins. 
Bureau; A. J., H. A. Austrheim, and D. J. Zaffarano . An electron injector for 
a 70 Mev synchrotron. Rev. Sci. Instruments 25:1129-1130. 1954. 
Burnett, George Jr., joint author . See under Arnold. 
STAFF MEMBER PUBLICATIONS, 1954-55 
Burroughs, Wise, joint author. See under Cheng , Repp. 
, Editorial Board, Journal of Animal Science 
Burzlaff, H. A., joint author. See under Bridger . 
Butler, J.P., joint author. See under Diehl, Goetz . 
Cady, J. G., joint author. See under Ruhe. 
583 
108. Campbell, Vincent, and James T. Freeman. Some functions of experirnentally-
induced language in perceptual learning. Perceptual and Motor Skills. 
1:71-79. 1955. 
109. Carl-;;:-nder, Harriet Bell and Kenneth D. Carlander. Commercial Fishing. 
Chapter VI, pp.57-70 in: History of Fish and Fishing in the Upper Missi-
ssippi River, by Harriet Bell Carlander. Upper Miss. River Conser. Corn. 
96 pp. 1954. 
110. Carlander, Kenneth D. Do fish tell time? The Fisherman 5:20-22. 1954. 
111. Yellow bass population changes at Clear Lake . low-;;: Conservationist 
--11:50, 56. 1954. 
112. -:- Clear Lake bullheads. Iowa Conservationist 11:61, 64. 1954. 
113. --- Length vs weight for common fresh-water ga~e fish. The Fisherman 
--6:96-97. 1955. 
114 . Books on fish and fishing. Iowa Conservationist 14:131. 1955. 
---,joint author. SeeunderCarlander, H.B. -
115. Carlin, Agnes Frances, John C. Ayres, and Paul G. Homeyer. Consumer 
evaluation of the flavor of angel cakes prepared from yeast-fermented and 
-enzyme-treated dried albumen. Food Technol. 8:580-583. 1954. 
, joint author. See under Funk. -
Carlson, J. F., joint author. See under Altshuler. 
Carlson, 0. N., joint author. See under Wilhelm. 
116. Carman, Grant M. Interrelationships of milk production and breeding efficiency 
in dairy cows. Jour. Animal Sci. 14:753-759. 1955. 
117. Carneiro, G. G. and J . L. Lush. Reproductive rates and growth of purebred 
Brown Swiss cattle in Brazil. Jour. Dairy Sci. 37:1145-1157. 1954. 
Carr, P.H . , joint author . See under Mueller. -
118. Carter, Dennis L. Yellow-Crowned Night Heron at Ames . Iowa Bird Life 
25:40. 1955. 
Carvalho, Jos~ C. M., joint author. See under Drake. 
Casas, I., 'joint author. See under Duncan. 
119. Catron, Damon V. Pasture vs. concrete for feeding hogs. Ctry. Gent. Mag. 
July, 1954. 
120. . New early wean ration brings more pig profits. Ctry. Gent. Mag. 
---Sept., 1 954. 
121. Life cycle feeding program. Ctry. Gent. Dec., 1954. 
122 . ---. Future of hog raising ... and your hog feed business. Feed Age. 8 pp. 
--1955. 
123. . A new feeding program for hogs. Feed Bag Red Book. 9 pp. 1954. 
124. ---, F. Diaz, V.C. Speer, G.C. Ashton, and C.H . Liu. Distillers dried 
---solubles in starter and growing-finishing rations for swine . Proc. 10th 
Distillers Feed Conf. 10:58-63. 1955. 
, joint author. See ~er Ashton, Jensen, A.H . 
125. Cavazos, L.F. and R.M. Melarnpy. Cytornetric effects of testosterone propio-
nate on rat seminal vesicles. Anat. Rec. 118:286. 1954 . 
126. , . A comparative study of periodic-;:;;-id-reactive carbohydrates in 
---vertebrate testes. Arner. Jour. Anat. 95:467-496. 1954. 
127. , . Response of rat accessory glands to different levels of male 
--h-or~. Anat. Rec. 121:273-274. 1955. 
, joint author. See und;°r Melampy. 
128. Chadderdon, Hester and Mary S. Lyle. Reasons given by Iowa women for 
attending homemaking classes for adults. Agric. Expt. Sta. Spec. Rept. 
No.12. 26pp. 1955. 
Chapman, A. B., joint author . See under Dickerson, Drake. 
129. Chapman, H . W., L.S , Gleason, andW.E. Loomis. The carbon dioxide content 
of field air. Plant Physiol. 29:500-503 . 1954. 
Charles, Don C., joint author. §;e under Plumb. 
584 STAFF MEMBER PUBLICATIONS, 1954-55 
130. Cheng, Edmund W. and Wise Burroughs. Determination of small amounts of 
diethylstilbestrol in feeds. Jour. Assoc. Offic. Agric. Chemists. pp . 146-
150. 1955. 
131. , Lester Yoder, Charles D. Story, and Wise Burroughs. Estrogenic 
---activity of some naturally occurring isoflavones. Ann. New York Ac ad. 
Sci. 61:652-659. 1955 . 
, joint author. See under Repp. 
132. Chiotti, P. Adaption of a Geiger-counter X-ray diffractometer for high tempera-
ture investigations. Rev. Sci. Instruments. 25 :683-688. 1954. 
133. Measurement of the electrical resistance~ metals and alloys at high 
---temperatures.· Rev. Sci. Instruments 25:876-883. 1954. 
134. . High temperature crystal structure~£ thorium. Jour. Elect . .Soc. 
--101:567-570.1954. 
135. Chri-;t';nsen, George C. Angioarchitecture of the canine penis and the process 
of erection. Amer. Jour. Anat. 95:227-262 . 1954. 
Christensen, P.S. Editor, Iowa Custodian's Newsletter, Eagle Grove Eagle, 
with the cooperation of I. S . C. Engineering Extension staff. 
136. Chu, T. Y. and D. T. Davidson . Deflocculating agents for mechanical analysis 
of soils. Natl. Acad. Sci. -Natl. Res. Coun . Puhl. 343. pp.15-26. 1955. 
13 7. , , and J.B ., Sheeler. Mathematic al analysis of a layer extraction 
---method for separating clay-size material from soils. Proc. 2nd Natl. Conf. 
Clays and Clay Minerals. Natl. Acad. Natl. Res. Coun. Puhl. 327. 
pp. 462-479. 1_954. 
138. , , and A. E. Wickstrom. Permeability test for sands. Symposium 
---on Permeability of Soils. Amer. Soc. Testing Materials Spec. Tech. Puhl. 
No.163, pp. 43-55. 1954. 
, joint author. See under Handy. 
139. Chung, N. Y., L. Northrop, R. Getty, and G. Everson. Effect of varying the 
intake of calcium pantothenate of rats during pregnancy. II. Histological 
and histochemical studies of the liver, adrenal, duod~num and tibia of the 
young at birth. J our. Nutrition 54: 97 -1 06. 1 954. 
, joint author. See under Ever;(;n. 
Clampitt, B.H., joint author . See under Hansen, R.S. 
Clar, R.M., joint author. See under Gilman. 
140. Claridge, C.A. and C.H. Werkman. Intermediates of the aerobic dissimilation 
of 2-ketogluconate by Pseudomonas aeruginosa. Arch. Biochem. and Bio-
phys. 51:395-401. 1954. 
141. , . Evidence for alternate pathways for the oxidation of glucose by 
--P-s~onas aeruginosa. Jour. Bact. 68:77-79. 1954. 
Clark, R.G., joint author. See under Winders. 
142. Clifton, E.S., R.J. Jessen, and E.M. Jacobs. Marketing hogs on the Chicago 
market. Jour. Farm Econ. 36:611-619. 1954. 
143. , , . Amount and source of shrink and fill in market hogs. 
---Jour. Farm Econ. 36:688-692. 1954. 
, joint author. See under Wiegmann. 
144. Collier, J.R. and L.E. Barnes. Identification of bacterial pathogens of bovine 
mastitis by the practicing veterinarian. Iowa State Coll. Vet. 17:137-142. 
1955. -
Collins, E. V., joint author. See under Buchele. 
Cook, T. H., joint author. See under Gilman. 
145. Coover, M.S. Safety in college electrical laboratories. Elect. Engr. ~:151-
153. 1955. 
146. Cotterill, O.J. and A.R. Winter. Egg white lysozyme. II. Effect of thermo-
stabilization. Poultry Sci. 33: 1185-1191. 1954 . 
147. , . Egg white lysozyme. III. The effect of pH on the lysozyme ovo-
--m-ucin interaction. Poultry Sci. 34:679-686. 1955. 
Cowan, John C., joint author. See under Picken, Jr. 
Cowan, S. T., joint author. See under Buchanan. 
148. Cox, H. C. Recent developments in European corn borer control--granular 
insecticides. Proc. 10th Ann. Meet. North Central Branch Ent. Soc. Amer. 
10:11-12 . 1955. 
149. -; T.A. Brindley, W.G . Lovely, J.E. Fahey. Granular insecticides for 
---European corn borer control. Jour. Econ. Ent. 49:113-119. 1955. 
STAFF MEMBER PUBLICATIONS, 1954-55 585 
, joint author. See under Brindley. 
150 . Crowley, M.S. and A. Philip Welch . Clay particle dispersion by ultrasons. 
Jour. Arner. Ceramic Soc . ~7:433-439. 1954 . 
151. Csanyi, Ladis H. Ungraded locaTaggregates in bituminous paving mixes. 
Rural Roads. 5:15-17. 1955 . 
152 . , and Hon-Pong Fung. A mortar theory for the use of local ungraded aggre-
---gates in bituminous mixes. Proc. Highway Res. Bd. 34: 1955. 
153 . , and Robert M. Nady. The design of bituminous paving mixtures by a 
---mortar theory using local ungraded aggregates. Proc. Assoc. Asphalt 
Paving Technol. 24: 1955. 
154. Cuber, John F. and William F. Kenkel. Social Stratification in the United States 
Appleton-Century-Crofts. lsted. 359pp. 1954. 
155. Daane, A.H., R.E. Rundle, H.G. Smith, and F.H. Spedding. The crystal 
structure of samarium. Acta Crystallographica 7:532-535. 1954. 
156. Dachtler, William C., Eileen M. McDonald, Richard-Phillips, and David N. 
Harrington. Costs of storing reserve stocks of corn in country elevators 
at bin sites and on farms. Marketing Res. Rept. No . 93, U.S. Govt. Print. 
Off. 60pp. 1955. 
157. Dahm, Paul A. How insecticdes kill. Iowa State Hort. Soc. 89:96-98. 1954. 
158. , and Earle S. Raun. Fly control on farms with several-;rganic thiophos-
phate insecticides. Jour. Econ. Ent. 48:317-322. 1955. 
, joint author. See under Fairchild, Robbins. 
---, Editorial Committee, ENTOMA, a directory of insect and plant pest 
---control published by the Entomological Society of America. 
159. Dale, Jim, A. L. McComb, and W. E. Loomis. Chlorosis, rnycorrhizae and the 
growth of pines on a high-lime soil. Forest Sci. 1:148-157. 1955. 
160. Dana, F.C., and L.R. Hillyard. Engineering Proble~s Workbook. Wm. C. 
Brown Co., Dubuque, Iowa. 3rd ed. 112pp. 1955. 
Danielson, G. C., joint author. See under Shaw, W. C. 
161. Davey, Harold W. Government intervention in labor disputes. Labor Law Jour. 
2,:739-742, 800. 19-54. 
162. . Contemporary Collective Bargaining. Prentice-Hall, Inc. 1st ed. 
--532 pp. 1951. 
163. The legislative council movement, 1933-1953. Arner. Political Sci. 
--Rev. 47:785-797. 1953. 
164. , Edgar M. Jacobs and Johii Monroe. The growth of American unions: 
---Comment. Arner. Econ. Rev. 45:389-390. 1955. 
165. David, H.A., H.O. Hartley, and E~. Pearson. The distribution of the ratio, 
in a single normal sample of range to standard deviation. Biornetrika 41: 
482-493 . 1954. -
166. Davidson, D. T. and R. L. Handy. Studies of the clay fraction of southwestern 
Iowa loess. "Clays and Clay Minerals" Proc. 2nd Natl. Conf._ ~atl. Acad. 
Sc_i. Natl. Res. Coun. Publ. 327. pp. 190-208. 1954. 
167. , and Associates. Further papers on the Wisconsin loess of southwestern 
---Iowa 1953-1954. Engr . Rept. No.22, Iowa Engr. Expt. Sta. 102 pp. 1954. 
168. , . Mechanical analysis of soils. Engr. Rept. No.21, Iowa Engr. 
---Expt. Sta; 60 pp. 1954. 
, joint author. See under Chu, Handy, Lyon. 
Davis, A. W., joint author. See under Higdon. 
Davis, Arthur W. Editor, Bulletin of the Mechanics Division--Arnerican 
Society for Engineering Education. 
169. Davis, Norman T. Morphology of the female organs of reproduction in the 
~ (Herniptera). Ann. Ent. Soc. Arner. 48:132-150. 1955. 
Davis, R.J., joint author. See under Banks. 
Dawn, E. E., joint author. See under Day. 
170 . Day, A.D., E.E. Dawn, and K.J. Frey. Association between diastatic power 
and certain visible characteristics in barley. Agron . Jour. 47:163-165. 
1955. -
171. Decker, Richard W., and Dean W. Stebbins. Photoelectric work functions of 
the borides of lanthanum, praseodymium, and neodymium. Jour. Appl. 
Physics 26:1004-1006. 1955. 
586 STAFF MEMBER PUBLICATIONS, 1954-55 
172. Delouche , James C. and Louis N. Bass. Effect of light and darkness upon ger-
mination of seeds of Agropyron srnithii L. Proc. Assoc . Offic. Seed Anal. 
~: 1 04 -113 . 1954. 
173 . Denisen, E.L . Weed control in small fruits. Iowa State Hort. Soc. Trans. 
89:66-69. 1954. 
--:- joint author . See under Lantz. 
Dewell, E . H., joint author . See under Winders . 
Diaz, F., joint author. See under Catron . 
174. Dicke, F.F. The most important corn insects . Arner. Soc . Agron. 2_:537-612. 
1955. 
175. and L.H. Penny. Breeding for resistance to European corn borer. Proc. 
---9th Ann. Hybrid Corn Ind. Res. Conf. 9:44-53 . 1955. 
1 76. and W. D . Guthrie . Advances in Europ-;;an corn borer resistance research. 
---Proc . 10th Ann. Meet. North Central Branch, Ent. Soc. Arner . 10:12-13. 
1955. 
177. Dickerson, G.E ., C .T. Blunn, A.B. Chapman, R.M. Kottman, J.L. Krider, 
E.J. Warwick, J.A. Whatley Jr., in collaboration with M.L. Baker, J.L. 
Lush, and I. M. Winters. Evaluation of selection in developing inbred lines 
of swine. North Central Reg. Puhl. No.38 . Univ. of Missouri Coll. Agric . 
Res. Bull. 551. 58 pp. 1954. 
Dickinson, J . M., joint author. See under Wilhe l m. 
178. Diehl, H. and J.P. Butler . Ferricyanide titration of cobalt using ethylenedia-
rnine. Analyt. Chern. 27:777-785. 1955. 
1 79. , and J . L. Ellingboe. -Determination of amide nitrogen in vitamin Bu and 
---Bua· Iowa State Coll. Jour . Sci. 27:421-423. 1953. 
180. , and F.H. Lohman. 5, 8-Dihydr~yquinoline and its nickel derivatives. 
---Proc. IowaAcad. Sci. 61:255-259. 1954. 
, joint author. See under Brierly, Jaselskis, Murie. 
---. Advisory Board, Analytical Chemistry. 
181. Diggins, Ronald V . and Clarence E. Bundy. Dairy Production. 1st ed. 342 pp. 
1955. . 
Dinwiddie, Shirley W., joint author. See under Herrnstadt. 
182. Dodd, John D. An approximation of the minimal tetrakaidocahedron. Arner. 
Jour. Bot. 42:566-569. 1955. 
, joint author. See under Bragonier. 
183. ~. J. Parry and K.R. Marvin . How do Iowa farmers obtain and use mar-
ket news? Iowa Agric. Expt. Sta. Res. Bull. 417. 168 pp. 1954. 
184. , What does the Iowa farmer want from radio market news? Iowa 
---Agric. Expt. Sta . Res. Bull. 413. 16pp. 1954. 
Dogger, J.R., joint author. See under Long, W.H. 
185. Donovan, G.A., E.L. Johnson, S.L . Balloun, and R.E. Phillips. The long 
range effect of low level methionine supplementation in growing turkey 
rations. Poultry Sci. 34:251-256 . 1955. 
186. Dooley, M.E. and D.F. Atkins. A new electronic vacuum dilatorneter. Rev. 
Sci. Instruments 26:568-571, 1955. 
187. Douglas, Edna. The retail lumber establishment and farm dwelling construc-
tion in Iowa. Iowa Agric. Expt. Sta. Res. Bull. 415. 30 pp. 1954. 
188. . An estimate of the volume of farm dwelling construction in Iowa. Iowa 
---Agric. Expt. Sta. Res. Bull. 414 . 25 pp. 1954. 
, Edi toria_l Staff, Journal of Marketing. 
189. Dove, Richard C. Strain measurement errors in materials of low modulus. 
Proc. Arner. Soc. Civ. Engrs. Engr. Mechanics Div. 81:691-699. 1955. 
190. Drake, Carl J. New and little-known Hernipterii-Heteropter-;: Tingidae, from 
Ethiopia. Ann. and Ma,g. Nat. Hist. 7:657-665 . 1954. 
191. ___ . Some tingids from the Belgian Co;;-go (Herniptera: Tingidae}. Inst. Roy. 
Sci. Nat. Belgique Bull. 30:1-10. 1954. 
192. . New genera and sped;; of Tingidae from the old world(Herniptera). 
---Philippine J our. Sci. 83 : 6 9- 7 3 . 1954 . 
193. --- Tingidae: Descriptions and synonymic data (Hemiptera). Great Basin 
Nat. 14:1-10. 1954. 
194. . ~undescribed leptopodid from India (Hemiptera) . Jour. Kansas Ent. 
--S-oc. 27:111-112. 1954. 
STAFF MEMBER PUBLICATIONS, 1954-55 587 
195. An undescribed Metrobates Uhler from Brazil (Herniptera). So. Calif. 
---Acad. Sci. Bull. 53:50-51. 1954. 
196. ___ . Synonyrnical data: Descriptions of new Hydrornetridae (Herniptera). 
Great Basin Nat. 14:61-66. 1954. 
197. . Angolan Tingidae (Herniptera). Carnphanhia de Diarnantes de Angola 
---(Diarnang) Servicos Culturais, Museu do Dundo . No.27, pp.85-90. 1955. 
198. , and C.M. Jose. New water-striders from Brazil (Herniptera). Proc. 
---Biol. Soc. Washington 67:223-226. 1954. 
199. , and Harold C. Chap;;-an . New American waterstriders (Herniptera). 
---Florida Ent. 37:151-155. 1954. 
200. , and Juan Gomez-Menor. A new genus of American Ochteridae (Hernip-
---tera). Eos. Revista espanola de entornologia. Madrid . 30:157-159. 1954. 
201. __ -_, ___ . Some Tingidae from Spanish Guinea (Hernipte-;-a). Eos. Revis ta 
espanola entornologia 30:89-93. 1954. 
202. ___ , ___ . Notes on s~e American Veliidae (Herniptera), with descriptions 
of two new Microvelias from Jamaica. Florida Ent. 37:133-138. 1954. 
203. ___ , and Tsing-chao Maa. Chinese and other oriental Tingitoidea (Herniptera) 
III. Quart. Jour. Taiwan Museum 8:1-11. 1955. 
204. , The Saldiodea of China (Herniptera). Quart. Jour. Taiwan Mu-
---seurn 7:263-266. 1954. 
205. , andJ. Maldonado-Capriles. Puerto Rican water-striders (Herniptera). 
---Proc. Biol. Soc. Washington67:219-221. 1954. 
206. , and Fritz Plaurnann. Sorn;-Microvelia from southern Brazil {Herniptera: 
---Veliidae). Bull. So. Calif. Acad. Sci. 54:22-24. 1955. 
207. ___ and Janis A. Roze. New Venezuelan Gerridae (Herniptera). Proc. Biol. 
Soc. Washington 67:227-229 . 1954. 
208. Dudley, Pauline and Elizabeth Beveridge. Opportunities for teaching equipment 
in the homemaking class. Homemaking and Kelvinator Kitchen Reporter. 
April, 1955. 
209. Duke, F.R. Qualitative theory of electron transfer mechanism. Rec. Chern. 
Prog . 15:55-59. 1954. 
210. and v-:c. Bulgrin. The kinetics of the periodate oxidation of ethylene 
---glycol and a series of methylated ethylene glycols. Jour. Arner. Chern. 
Soc. 76:3803-3806. 1954. 
211. andR.S. Laity. The measurement of transport numbers of pure fused 
---salts. Jour. Phys. Chern. 59:549-552. 1955. 
212. , . Transport nurnbe-;-s in pure fused salts. Jour. Arner. Chern. 
--Soc. 76:4046. 1954. 
213. andF.R. Parchen. Kinetics of the reduction of ferric ion by hydro-
---quinone in the presence of l, 10-phenanthroline. Jour. Arner. Chern. Soc. 
77:3198-3199. 1955. 
214. -and P.R. Quinney. The kinetics of the reduction of perchlorate ion by 
---Ti{III) in dilute solution . Jour . Arner. Chern. Soc. 76:3800-3802. 1954. 
215. Durnenil, Lloyd, H.R. Meldrum, and John Pesek. Best time to fertilize--fall 
or spring. Iowa Farm Sci. 9:3-6. 1954. 
, joint author. See under Hanway, Pesek. 
216. Duncan, G.W., I. Cas as, M.A. Emmerson, andR.M. Melampy. Estrogen in 
bovine blood, ovarian tissue, and follicular fluid. Fed. Proc. 14:40. 1 955. 
217. Dunleavy, John. Soybean diseases in Iowa in 1954. Plant Dis. Rep~ter 39: 
169-170. 1955. -
218. . Control of damping-off of sugar beet by Bacillus subtilis. Phytopath. 
--45:252-258. 1955. ------
Dunn-:- G. E ., joint author. See under Gilman. 
DuToit, Schalk, joint author. See under Heady. 
Dwelle, Marion. Assistant Editor, lpwa Farm Science. 
Edminster, T. W., joint author. See under Frevert. 
Edwards, R. B. , joint author. See under Beyer. 
Edwards, R.E., joint author. See under Banks. 
Egbert, Robert L., joint author. See under Hawkes. 
219. Ehrenkranz, Florence and Mary S. Pickett . Energy consumption, temperatures, 
and palatability of foods stored in electric refrigerators with automatic de-
frosting. Jour. Home Econ. ,!!:185-188. 1955. 
588 STAFF MEMBER PUBLICATIONS, 1954-55 
Eileman, T. S., joint author. See under Grantham. 
Ellingboe, J. L., joint author. See under Brierly, Diehl. 
Emmerson, M.A., joint author. See under Duncan. 
220. Engelhard, Arthur W. Occurrence of oak wilt fungus mats and pads on members 
of the red and white oak groups in Iowa. Plant Dis. Reporter 39:254-255. 
1955. -
221. Eppright, E.S. When does poor nutrition start? Iowa Farm Sci. _2.:786-788. 
1955. 
222. • Dietary differences among school children. Natl. Livestock and Meat 























. Our responsibilities to the dietetic intern. Jour. Amer. Dietetic Assoc. 
--31:152-155. 1955. 
-and C. Roderuck. Diet and nutritional status of Iowa school children. 
---Amer. Jour. Puhl. Health 45:464-471. 1955. 
, , V. D. Sidwell, and P. P. Swanson. Relationships of estimated 
---nutrient intakes of Iowa school children to physical and biochemical 
measurements. Jour. Nutrition 54:557-570. 1954. 
, and V. D. Sidwell. Physical m~asurements of Iowa school children. 
---Jour. Nutrition 54:543-556. 1954. 
, , and E-:-Jebe. Food intake and body size of Iowa children. A 
---chapter in: Weight Control - A collection of papers presented at the Weight 
Control Colloquim. pp.80-96. Iowa State Coll. Press, Ames. 244 pp. 1955. 
, , and P. P. Swanson. Nutritive value of the diets of Iowa school 
---children. Jour. Nutrition 54:371-388. 1954. 
, and P. P. Swanson. Distribution of calories in diets of Iowa school 
---children. Jour. Amer. Dietetic Assoc . 31:144-148. 1955. 
, Distribution of nutrients among meals and snacks of Iowa school 
---children. Jour. Amer. Dietetic Assoc. 31:256-260. 1955. 
. Editorial Committee, the book "Weight Control" - A collection of papers 
---presented at the Weight Control Colloquium. 
Errington, Paul L. Review of "The Monkey Book" by Ernest P. Walker. Sci. 
Monthly79:44. 1954. 
• Revi~ of "Principles of General Ecology", by Angus M . Woodbury. 
---Quart. Rev. Biol. 30:57. 1955 . 
. Review of "Wildlife in Alaska", by A. Starker Leopold and F. Fraser 
---Darling. Quart. Rev. Biol. 30:59. 1955 . 
. Review of "The Distribution and Abundance of Animals", by H.G. And-
---rewartha and L.C. Birch. Science 121:389-390. 1955 . 
. Our little wild dogs--the foxes. Audubon Mag. 57:14-17,27. 1955. 
--- The special responsiveness of minks to epizooti~ in muskrat popula-
---tions. Ecol. Monogr. 24:377-393. 1954. 
Esmay, D. L., joint author:--See under Gilman. 
Evans, D. D. and A. D. Scott. A polarographic method of measuring dissolved 
oxygen in saturated soil. Proc. Soil Sci. Soc. Amer. 19:12-16. 1955. 
, joint author. See under Schaller, Scott, A. D. -
Everson, G., L. Northrop, N. Y. Chung, and R. Getty. Effect of ascorbic acid 
on rats deprived of pantothenic acid during pregnancy. Jour. Nutrition 54: 
305-312. 1954. 
, , , and C. Pudelkewicz. Effect of varying the intake of cal-
---cium pantothenate of rats during pregnancy. I. Chemical findings in the 
young at birth. Jour. Nutrition 53:341-350. 1954. 
, joint author. See under Chung. 
Everson, L.E. Are you sure it's good seed? Crops and Soils 7:16-17,34. 1955. 
What kind of seed did you get? Iowa Farm Sci. 10:9-10~ 1955. 
. The germination of mature and immature seeds of quack grass 
--CAgropyron repens). Proc. Assoc. Offic. Seed Analysts 44:127-128. 1954. 
]fahey, J.E., joint author. See under Cox . 
Fahien, R.W. Masstransferinpackedbeds. Amer. Inst. Chem. Engr. Jour. 
1:28-37. 1955. 
Fair~hild, H. E. and Paul A. Dalun. A taxonomic study of adult chicken lice 
found in the United States. Jour. Kansas Ent. Soc. 27:106-111. 1954. 
STAFF MEMBER PUBLICATIONS, 1954-55 589 
245. , Lice control on chickens with chlorinated hydrocarbon insecti-
cid~our. Econ. Ent. 48:141-146. 1955. 
246. Farnsworth, G.M. Jr., andA-:W. N0 rdskog. Breeding for egg quality. 3. 
Genetic differences in shell characteristics and other egg quality factors. 
Poultry Sci. 34:16-26. 1955. 
247. Fassel, V.A. andH.J. Hettel. Isotopic assay of lithium by means of hydride 
band emission spectra. Spectrochirnica Acta 7:175-178. 1955. 
248. , B. Quinney, L.C. Krotz and C.F. Lentz. Quantitative spectrographic 
---analysis of the rare earth elements. Analyt. Chern. 27:1010-1014. 1955. 
United States Editor, Spectrochirnica Acta. -
, joint author. See under Brehm, Margoshes. 
249. Fay, R. W. and Donald A. Lindquist. Laboratory studies on factors influencing 
the efficiency of insecticide impregnated cords for house fly control. Jour. 
Econ. Ent. 47:975-980. 1954. 
, joint author. See under McCauley. 
250. Fellinger, RobertC. Problems in Kinematics. lsted. 70pp. Wm. C. Brown 
Co. 1955. 
251 . , H. A. Webber, and David Goldstein. Determination of the thermal con-
---ductivity of molten lithium. Trans. Arner. Soc. Mech. Engr. 77:97-102. 
1955. 
252. Fieller, E.C. and H.O. Hartley. Sampling with control variables. Biornetrika 
41 :494-501. 1954. 
253. Fink-;-H. C. Prunus tornentosa as an index plant for sour cherry viruses. 
Phytopath. 45:320-323. 1955. 
254. and W. F. Buchholtz. Correlation between sugar beet crop losses and 
---greenhouse determinations of soil infestation by Aphanornyces cochlioides. 
Proc. Arner. Soc. Sugar Beet Technol. 8:252-259. 1954. 
255. Finkner, R.E., H.C. Murphy, R.E. Atkins,II, and D. W. West. Seed fluores-
cence in oats. Proc. Assoc. Offic. Seed Analysists 44:202-205. 1954. 
256. Fisher, R. W. and G. R. Winders. Lab for radiochemistry, metallurgy tests. 
Nucleonics 12:44. 1954. 
257. Fitts, J. W., W. V. Bartholomew, and H. Heidel. Predicting nitrogen fertilizer 
needs of Iowa soils: I. Evaluation and control of factors in nitrate produc-
tion and analysis. Proc. Soil Sci. Soc. Arner. 19:69-73. 1955. 
Fitzsimmons, E.S., joint author. See under Nadler-:-Wilder. 
Forbes, R
0
.M., joint author. See under Albert. 
258. Fortney, Cecil G. Jr., Merle P. Baker, and Emerson W. Bird. Cleaning 
stainless steel sanitary lines in-place. Jour. Milk and Food Technol. 
18:150-156. 1955. 
Foster, Joseph F., joint author. See under Thompson, Sarane. 
259. Fowler, Eric B. and C.H. Werkrnan. Synthesis of amino acids by Aerobacter 
aerogenes. Arch. Biochern. and Biophys. 56:22-27. 1955. 
260. , Laboratory Manual in General B~teriology. 91 pp. 1955. 
261. Fox, Sidney W. and Paul G. Homeyer. A statistical evaluation of the kinship 
of protein molecules. Arner. Nat. 89:163-168. 1955. 
262. Frans, R.E. and E.F. Lind. On the ki~tics of inhibition of growth by herbi-
cides. Proc. North Central Weed Control Conf . .!.!:12-13. 1954. 
, joint author. See under Loomis. 
263. Fredericksen, C.F. and J.H. Lilly. Measuring wireworrn reactions to soil 
insecticides by tagging with radioactive cobalt. Jour. Econ. Ent. 48:438-
442. 1955. 
Freeland, M. Q., joint author. See under Fritz. 
Freeman, James T. ·, joint author. See under Campbell. 
264 .• French, Dexter. Isolation and identification of planteose from tobacco seeds. 
Jour. Arner. Chern. Soc. 77:1024-1025. 1955. 
265. . The raffinose family ofOligosaccharides. Advances in Carbohydrate 
--Chern. 9:149-184. 1954. . 
266. Frevert, R.K., G.O. Schwab, T. W. Edminster, ' and K.K. Barnes. Soil and 
Water Conservation Engineering. lat ed. 479 pp. John Wiley and Sons. 
1955. 
, joint author. See under Schilfgaarde. 
267. Frey, K. J. Agronomic mutations in oats induced by X-ray treatment. Agron. 
Jour. _!!:207-209. 1955. 
590 STAFF MEMBER PUBLICATIONS, 1954-55 
268. The uses of Fz lines in predicting t he performance of F 3 selections in 
---two barley crosses . Agron. Jour . 46 :54 1-544. 1954. 
269. , and T. Horner . Comparison of actual and predicted gains in barley 
---selection experiments. Agron. Jour. 47:186-188. 1955. 
, joint author. See under Browning, Day, Wigg ans. 
270. Fribourg, H. A. and I. J. Johnson. Response of soybean strains to 2, 4-D and 
2,4,5-T. Agron. Jour. 47:171- 174. 1955. 
271. , Dry matter and nitrogen yields of legume tops and roots in the 
---fall of the seeding year. Agron. Jour. 47:73-77. 1955. 
, joint author. See under Johnson, I.~ 
272. Fritz, J.S. Titration of bismuth with ethylenediaminetetraacetic acid. Analyt. 
Chem. 26:1978-1980. 1954 . 
273. . Acid-base titrations in nonaqueous solvents-selection of the medium for 
---aparticulartitration . Analyt . Chem . 26:1701-1704. 1954. 
274. Organic quantitative analysis. Jou;=-:- Chem. Educ. 31:468-470. 1954 . 
275. and M. Q. Freeland. Direct titrimetric determination~! sulfate. Analyt. 
--Chem. 26:1593-1595. 1954 . 
276. , and M. 0. Fulda. Titrimetric determination of zirconium. Analyt . 
---Chem. 26:1206-1208. 1954 . 
277. Fritz, Marti;:;: F. Q and L difference scores on the A. C. E. test . Proc. Iowa 
Acad. Sci. 61 :356-357 . 1954. 
278 . Frost, George. Membership in a n Engineering Society. Iowa Exponent pp . 24-
25. Jan., 1955. 
Fulda, M.O., joint author . See under Fri tz. 
Fung, Jon-Pong, joint author . Se e under Csanyi . 
279. Funk, E. M., Agnes Frances Carlin, et al. Treating shell eggs to maintain 
quality. North Central Regional P~1-:- No. 62. Missouri Agric. Expt. Sta. 
Bull. 659. 19 pp. 1955. 
280. Futrell, G. A. Ways to improve market news and information. Natl. Proc. 
Agric. Communications Bull . 24 pp. 1955. 
281. Garcia, P., C . Rode ruck, a n d P . Swanson. The relation of age to fat absorp-
tion in adult women together with observations on concentration of serum 
cholesterol. Jour. Nutrition 55:601-609. 1955. 
282. Garner, William V. The future ofimmature insect systematics. Proc. North 
Central Branch, Ent. Soc . Amer. 10:81-82. 1955 . 
Garrigus, U.S . , joint author . See und~ Albert. 
283. Getty , Robert. Atlas for Applied Veterinary Anatomy. lst ed . 227 pp. Burgess 
Puhl. Col. 1955. 
, joint author. See under Chung, Everson. 
---, Editor, Anatomy and Histology . 
---, Editor, American Journal of Veterinary Research. 
Ghostley, F. J., joint author. See under Nordskog. 
284. Giese, Henry. A rational approach to the control of farm fires. Proc. 74th Ann. 
Conven. Iowa Assocn. Mutual Ins. Associations. pp. 34-44 . 1954. 
285. • Prevent Wind Damage (rev. ). Iowa Mutual Tornado Ins. Assoc. 24 pp. 
--1954. 
286. Gilman, Henry and Souren Avakian. Some aromatic and heterocyclic dialkyl 
arsines. Jour. Amer. Chem. Soc. 76:4031. 1954. 
287. , , R.A. Benkesser, H . S . Br~adbent, R.M. Clar, G. Karmas, 
---F. J. Marshall, S. M. Massie, D. A. Shirley, and L.A. Woods. N-methyl-
3-isopropyl-4-dimethyl-aminophenyl carbamate and some related deriva-
tives. Jour. Organ. Chem. 19:1.067-1079. 1954. 
288. , T . H . Cook, J.A. Hogg, J-:-Swiss ; and R.G. Johnson. Some 1,2-, 2,3-, 
---and 3,4-disubstituted dibenzofurans. Jour. Amer . Chem. Soc. 76:5783-
5785. 1954. 
289. , G.E . Dunn, Howard Hartzfeld, and A.G. Smith. The piperidine-
---catalyzed reaction of triphenylsilane with some hydroxy compounds. Jour. 
Amer. Chem. Soc. 77:1287-1288 . 1955. 
290. , and J. Eisch. Preparation and stability of some organotin and organo-
--1-ead compounds. Jour. Organ. Chem. ~:763-769. 1955. 
291. , and D. L. Esmay . Hydroxy derivatives of dibenzofuran, phenoxathiin 

























STAFF MEMBER PUBLICATIONS, 1954-55 591 
Some derivatives of dibenzothiophene. Jour. Amer. Chem. Soc. 
--76:5786. 1954. 
-: and Richard D. Gorsich. The direct preparation of benzyllithium. Jour. 
---Amer. Chem. Soc. 77:3134. 1955. 
, and Robert K. Ingham. Some tetraorganosilanes. Jour. Amer. Chem. 
--Soc. 77:1680. 1955. 
, andKatashi Oita. Cleavage of some organosilicon compounds by formic 
---acid. Jour. Amer. Chem. Soc. 77:3386. 1955. 
, . Some 2-biphenylyl substituted organosilicon compounds. Jour. 
--Organ. Chem. 20:862-870. 1955. 
, and Dhairyasheel R. Swayampati. Conversion of thianthrene-5-oxide to 
---dibenzothiophane by n-butyllithium. Jour. Amer. Chem. Soc. 77:3387. 1955. 
, joint author. See~nder Benkeser, Meen, Merten, Oita. ==· Board of Editors, Journal of Organic Chemistry. 
, Board of Editors, Organic Syntheses. 
Gilman, J.C., joint author. See under Bragonier, Hanson, Ralph, Tiffany. 
Gleason, L.S. and W.E. Loomis. Basal sprays and injection treatments on 
trees. Proc. North Central Weed Control Conf. 11:102-104. 1954. 
, joint author. See under Chapman. 
Goetz, Charles A. and John P. Butler. Chemistry +TV= Challenge. Chem. 
and Engr. News 32:3368-3370. 1954. 
Goheen, Harry. TheWedderburn theorem. Canadian Jour. Math. 7:60-62. 1955. 
, Review of "Principles of Numerical Analysis" by Alston S.Householder. 
~conometrica E:540-541. 1954. 
Goldstein, David, joint author. See under Fellinger. 
Gomez-Menor, Juan, joint author. See under Drake. 
Goodman, L. and H. Shull. Molecular calculations. III. A modification of the 
naive semi-empirical MO method. Jour. Chem. Physics 23:33-43. 1955. 
Goring, C. A. I. Biological transformations of phosphorus in soil. I. Theory 
and methods. Plant and Soil 6: 17-25. 1955. 
. l3iological transformation; of phosphorus in soil. II. Factors affecting 
---synthesis of organic phosphorus. Plant and Soil 6:26-37. 1955. 
, joint author. See under Mehta. -
Gorsich, Richard D., joint author. See under Gilman, Henry. 
Gould, Marvin. Managing Editor, Iowa Custodians Newsletter. 
Gowen, Johh W. Significance and utilization of animal individuality in disease 
research. Jou:r. Natl. Cancer Inst. 15:555-570. 1954. 
, and Janice Stadler. Influence of genotype on weight control in mice. 
---Iowa State Coll. Jour. Sci. 30:49-63. 1954. 
, joint author. See under Thompson, Sarane. 
, Editor, Biometric Section, Biological Abstracts. 
, Editorial Board, Genetics . 
Grabe, Don F. and Louis N. Bass. Comparative methods of germination of 
smooth bromegrass. Proc. Assoc. Offic. Seed Analysts 44:121-126. 1954. 
Graebner, Norman A. Politics in foreign policy. Curr. Hist:-28:7-14. 1955. 
The farm issue. Curr. Hist. 27:249-255. 1954. -
---. Associate Editor, World Affai;; Quarterly. 
Graf, G.E. and S. Aronoff. Carbon dioxide fixation by roots. Science 121:211-
212. 1955. 
Grainger, Mary M., joint author. See under McCauley. 
Gram, M.R., joint author. See under Swanson, P.P~ 
Grantham. L.F., T.S. Elleman, and D.S. Martin, Jr. Exchange of chlorine in 
aqueous systems containing chloride and tetrachloropoatinate (II). Jour. 
Amer. Chem. Soc. 77:2965-2971. 1955. 
Graybill, Bruce M., joint author. See under Hawthorne. 
Gregory, G. A method for rapidly transferring a substance on paper to the 
origin of a chromatogram. Science 121: 169. 1955. 
Griffing, Bruce and E.W. Lindstrom. A-;t°udy of the combining abilities of 
corn inbreds having varying proportions of corn belt and non-corn belt 
germ plasm . Agron. Jour. 46:545-552. 1954. 
Gross, W. A. Timely tips - dim~sional algebra . Jour. Engr. Educ. 45 :497. 
1954. 
592 STAFF MEMBER PUBLICATIONS, 1954-55 
315. Groth, A.H. Jr., and J.R. Rosdail. Cystic bile ducts and renal tubules in baby 
pigs. Jour. Amer. Vet. Med. Assoc . 126 :133-134. 1955. 
Grunderneier, Winston, joint author . See u~r Hammond. 
· 316. Gunderson, Harold. Insects? Chemicals ban them. Better Farming Methods 
p.20. January, 195_5. 
, joint author. SeeunderHansen,R.W., Lilly, Sylwester. 
317. Gurland, John. On regularity conditions for maximum likelihood estimators. 
Skandinavisk Aktuarietidskrift. H~t 1- 2: 71- 7 6. 1 954. 
318. . Distribution of definite and of indefinite quadratic forms. Ann. Math. 
---Statistics 26:122-127. 1955 . 
319. Distribution of the maximum of the arithmetic mean of correlated 
random variables. Ann. Math. Statistics 26:294-300. 1955. 
Guthrie, W. D., joint author. See under Dicke~ 
· 320. Haber, E.S. Hybridization in related fields. Proc. 9th Ann. Hybrid Corn Ind. 
Res.'Conf. Puhl. No.9. pp.80-84. December, 1954. 
321. Hale, W.H. and R.P. King. Possible .mechanism of urea toxicity in ruminants. 
Proc . Soc. Exptl. Biol. and Med. 89:112-114. 1955. 
, joint author. See under Albert, Repp. 
Hamilton, Chester E., joint author. See under Boozer, Hammond, George S. 
322. Hamilton, Howard L. Relations between alkaline phosphatase, beryllium, and 
morphogenesis of the feather. Anat. Rec . 122:418-419. 1955. 
323. and Gertrude W. Hinsch . The fate of the -;;-cond visceral pouch in the 
---chick. Anat. Rec. 120:762. 1954. 
324. and Alice L. Koning. Changes in feather structure produced by a 
--p-hosphatase-inhibitor . Anat. Rec. 120:710-711. 1954. 
325. , . Topographical relation of;tlkaline phosphatase, ribonucleic acid, 
---and mucopolysaccharides to the morphogenesis of the down feather. Anat. 
Rec. 117:522. 1953. 
, joi~author. See under Hinsch, Koning. 
326. Hammer, C.L., R. W. Pidd, K.M. Terwilliger. Betatron oscillations in the 
synchrotron. Rev. Sc i. Instruments. 26:555-556 . 1955. 
, joint author. See u n der Pidd. -
327. Hammond, Earl G. and W. 0. Lundberg. Molar refraction, molar volume, and 
refractive index of fatty acid esters and related compounds in the liquid 
state. Jour . Am.er. Oil Chemists' Soc. 31:427.432. 1954. 
328. Hammond, George S. A ~orrelation of react~ rates. Jour . Arner. Chem. 
Soc. 77:334-338 . 1955 . 
329. , Charles E. Boozer, Chester E. Hamilton, and Jyotirindra N. Sen. Air 
---oxidation of hydrocarbons . Ill. Mechanism of inhibitor action in benzene and 
chlorobenzene solutions. Jour. Arner . Chern. Soc. 77:3238-3244. 1955. 
330. and Winston Grunderneier . The mechanism of the benzidrine rearrange-
--m-ent. III. The· rearrangement of p, p'-didenterohydrazobenzene. Jour. 
Amer. Chem. Soc. 77:2444-2446. 1955 . 
331. and Donald H. Hogle . The dissociation of sterically hindered acids. 
---Jour. Amer . Chern. Soc . 77:338-340 . 1955. 
332. and George B. Lucas. The reaction of chloranil with the decomposition 
--p-roducts from azonitriles . Jour. Amer. Chern. Soc. 77:3249-3251. 1955. 
333. and Lawrence R. Parks . The displacement of halog~ from l-x-2, 4-di-
nitrobenzenes. Jour. Amer. Chem. Soc. 77:340-343. 1955. 
334. , Jyotirindra N. Sen, and Charles E. Boo7er . The efficiency of radical 
---production from azo-bis-isobutyronitrile. Jour. Amer. Chem. Soc. 77: 
3244-3248. 1955 . 
, joint author. See under Boozer, Hawthorne, Parks. 
335. Hammond, L . C., W.H. Allaway, and W . E. Loomis . Effects of oxygen and 
carbondioxide levels upon absorption of potassium by plant. Plant Physiol. 
30:155-161. 1955 . 
336. Handy, R. L., D . T . Davidson, and T. Y. Chu. Effect of petrographic variations 
of southwestern Iowa loess on stabilization with Portland cement. Bull. 98, 
Highway Res. Bd. "Stabilization of Soils"· Natl. Acad . Sci. -Natl. Res. 
Coun. Puhl. 346. pp. _l -20 . 1954. , _ . 
337. , C.A. Lyon, and D. T. Davidson. Analyses of wind-blown silt--March, 





















STAFF MEMBER PUBLICATIONS, 1954-55 
Handy, R . L. , joint author . See under Davidson, Lyon. 
Hansen, J. H ., joint author. SeeunderWenkert. 
Hansen, Norman J., joint author. See under McComb. 
593 
Hansen, R. S . and B. H. Clampitt. , The apparent adsorption of some aliphatic 
compounds from aqueous solutions as inferred from Hydrogen overvoltage 
measurements . Jour. Physical Chem. 59:496-498. 1955·. 
and R . D. Hansen . The adsorption of hydrocarbons for methanol and 
---ethanol solutions by non-porous carbons . Jour. Physical Chem. 59:496-
498. 1955. . -
, F.A. Miller, and S.D. Christian. Activity of coefficients of corr.ponents 
---in the systems water-acetic acid, water-propionic acid and water-n-butyric 
acid at 25°C . Jour. Physical Chem. 59:391-395. 1955. -
Hansen, Ralph W., Harold Gunderson, J . C: Gilman, and Richard Philli ps. Rat 
race in the grain bin. Co-op. Grain Quart . 12:67-72. 1954. 
, joint author. See under Phillips, R . -
~ay, John and Lloyd Dumenil. Predicting nitrogen fertilizer needs of Iowa 
soils: III. Use of nitrate production together with other information as a 
basis for making nitrogen fertilizer recommendations for corn in Iowa. 
Soil Sci. Soc . Amer. , Proc. 19:77-80. 1955. 
and George Stanford . Now :-A satisfactory nitrogen test. What ' s New in 
---Crops and Soils 6:16-17. 1954. 
, joint author. -See under Stanford. 
Harrington, David N., joint author. See under Dachtler. 
Harrington, W. F., joint author. See under Anfirisen. 
Harris, H . M. Inspection and quarantine problems in the past years. Trans. 
State Hort. Soc. 1954. 89:188-190. 1955 . 
. Orchard mites. Tr;:;;.s. State Hort. Soc. - 1954. 89:75-78. 1955 . 
---. Nursery inspection as it applies to the fruit growe;:- Trans. State Hort. 
--Soc. -1954. 89:78-79. 1955. 
, Editorial Committee, Annual Review of Entomology. 
~son, Gladys L. , joint author. See under Rutledge. 
Hartley, H. 0. Some recent developments in analysis of variance . Communi-
cations on Pure and Appl. Math. 8:47-72 . 1955. 
and Al an Ross. Unbiased ratio -;stimators. Nature (London) 174:270-271. 
--1954. . -
, joint author. See under David, Fieller, Kozicky. 
---, Editorial Panel, Journal of the Royal Statistical Society11 Serie a B. 
---, Editorial Panel, Biometrika. 
Hartzfeld, Howard, joint author. See under Gilman, H. 
Haughton, Kenneth E., joint author . See under Almfeldt. 
Haver, C. B. , joint author. See under Heady. 
Hawk, V. B ., H.D. Hughes, and F. W. Schaller . Reed canarygrass heals 
gullies . Jour. Soil and Water Conserv. 9:203-209, 237. 1954. 
Hawkes, Glenn R. and Robert L. Agbert. Pe-;sonal val~ea and the emphatic 
response : their interrelationships. Jour. Educ . Psycho!. 45:469-.476. 1954. 
Hawthorne, M. Fre.derick and George S. Hammond. The oxyge~tion of the tri -
(p-nitrophenyl)-methide ion . A novel oxidation-reduction reaction. J our . 
Amer. Chem. Soc . 77:2549-2550. 1955 . 
, , and BruceM. Graybill. The nucleophilicity of the cyani de ion. 
---Jour. Amer . Chem. Soc. 77:486-487 . 1955. 
, joint author. See underParks, L~u~en~e- R_.._ 
Hazel, L. N . Hogs to fit our needs. Iowa Farm Sci. _.2.:467. 1 954. 
, and L .E. Johnson. Gene - the universal calf. Aberdeen-Angus J our. 
--3-6:(3)-(1 2 ). (a continu'.ing series) 1955. 
--; joint author . See under Kline, E . A . 
---, Editorial Board, Journal of Animal Science. 
He"iih, Harry E. Jr. (Editor) Directory of Journalism Films. 2nd ed. 95 pp. 
Iowa State College Press. 1 954. 
Heady, Earl 0 . Supply of U.S. farm products under conditions of full employ-
m ent. Ame:r. Econ. Rev. 45:228-238 . 1955. 
• Simplified presentation °iiid logical aspects of linear• programming . 








STAFF MEMBER PUBLICATIONS, 1954 -55 
Farm production economics research. In: Contemporary Readings in 
---Agricultural Economics, edited by H.G. Halcrow. 1st ed. 411 pp. Pren-
tice-Hall. 1955. 
and C. B. Baker. Resource adjustments to equate productivities in agri-
---culture. Southern Econ. Jour. 21:36-52. 1954. 
___ and Schalk DuToit. Marginal ~source productivity for agriculture in 
selected areas of South Africa and the United States. Jour. Political Econ. 
62:494-505 . 1954. 
-and Dean McKee. What crop diversification can do. Iowa Farm Sci. 1:3-
--6. 1954. 
, , and C.B . Haver. Farm size adjustments in Iowa and cost econo-
---mi~crop production. Iowa Agric. Expt. Sta. Bull. 428. 24 pp. 1955. 
, Russell 0. Olson, and J.M. Scholl. Economic efficiency in pasture 
---p~oduction and improvement in southern Iowa. Iowa Agric. Expt. Sta. Res. 
Bull. 419. 25 pp. 1954. 
364. and John Pesek. Hutton and Thorne on isoclines. Jour. Farm Econ. 
~7:363-368: 1955. 
365. , . A fertilizer production surface with specification of economic 
---optima for corn grown on calcareous Ida silt loam. Jour. Farm Econ. 
36:466-482. 1954. 
366. , , and Wm. G. Brown. Crop response surfaces and economic 
---optima in fertilizer use. Iowa Agric. Expt. Sta. Res. Bull. 424. 1955. 
3 67. and James Seagraves. How do Iowa farm incomes stack up? Iowa Farm 
--Sci. 9:582-585. 1954. 
3 68. and-Russel Shaw. Resource returns and productivity coefficients in 
---selected farming areas of Iowa, Alabama, and Montana. Iowa Agric. Expt. 
Sta. Res. Bull. 425. 1955. 
369. and E.G. Strand. Efficiency within American agriculture. Jour. Farm 
---Econ. 37:524-537. 1955. 
, jointauthor. See under Babbar, Baumann, Bowlen, Brown, Jensen, A.H., 
---Jensen,H.R., Kehrberg, McKee, Peterson, G.A. 
, Editorial Council, Journal of Farm Economics. 
Heer, John F., joint author. See under Rutledge. 
, Assistant Publications Editor, Iowa Agric. Expt. Sta. Res. Publications . 
---, Editor, Iowa Farm Science. 
Heidel, H., joint author. See under Fitts. 
Hendrickson, George 0., joint author. See under Kline, P.D., Kozicky, Tanner. 
, Abstractor, Biological Abstracts. 
370. Herman, Robert D. The 'going steady' complex: A re-examination. Marriage 
and Family Living 17:36-40. 1955. 
371. Herrnstadt, Richard L.~ and Shirley W. Dinwiddie. Amos Bronson Alcott: A 
bibliography--Part I. Bull. Biblio. 21 :64-67. 1954. 
372. , Amos Bronson Alcott: A bibliography--Part II. Bull. Biblio. 
--21:92-96. 1954. 
373. Herwig, L.O. and G.H. Miller. Relative ionization yields for fission fragments 
in various gases. Physical Rev. 95:413-417. 1954. 
374. Heslep, J.M., and C.A. Black. Diffusion of fertilizer phosphorus in soils. 
Soil Sci. 78:389-401. 1954. 
Hettel, H.J.,Joint author. See under Fassel. 
375. Hibbs, E.T. The value and use of European corn borer surveys. Proc. 8th 
Ann. Meet. North Central Branch Ent. Soc. Amer. 8:25-27. 1953. 
376. • Cereal crop insects : present and future look. F;..oc. 10th Ann. Meet. 
---North Central Branch Ent. Soc. Amer. 10:8-9. 1955. 
377. . Effect of late application of chemicals to field corn. Proc. 10th Ann. 
---Meet. North Central Branch Ent. Soc. Amer. 10:10. 1955. 
378. Latest developments in sweet corn insect c-;;;;_trol. Ohio Vegetable and 
---Potato Growers Assoc., Ann. Proc. 40:63-68. 1955. 
319. Higdon, Archie, Wm. B. Stiles, A. W. Davis, and H.O. Ustrud. Engineering 
Mechanics. 2nd ed. 585 pp. Prentice-Hall. 1955. 
Hillyard, L. R., joint author. See under Dana. 
380. Hinsch, Gertrude W. and Howard L. Hamilton. The development fate of the 
first somite of the chick. Anat. Rec. 122:448-449. 1955. 
, joint author . See under Hamilton, H . L. 
STAFF MEMBER PUBLICATIONS, 1954-55 595 
381. Hippaka, Thomas A. What it means to be a Finnish-American. Kalevainen 
43 :6-7 . 1955. 
382. ~ Some administrator soul searching. Indust. Arts and Voe. Educ. 44: 
--179-183. 1955. -
383 . . Above and beyond the call of earning a living. School Shop 15:7-44. 1955. 
384. Hoffman, P. F. Physiology of Endoconidiophora fagacearum Bretz.-!. Factors 
influencing growth and toxin production. Iowa State College Jour . Sci. 29: 
27-38. 1954 . -
385. Hofstad, M.S. The secondary immune response in chickens revaccinated with 
inactivated Newcastle disease virus vaccine. Amer. Jour. Vet. Res. 
15:604-606. 1954. 
Hogg-:- J. A., joint author. See under Gilman, Henry 
Hogle, Donald H., joint author. See under Hammond, George S. 
386. Hogrefe, Pearl. John More's translations. Papers of the Bibliogr. Soc. Amer. 
49:188-189. 1955. 
387. Hollander, W. F. Pigeons in research. Animal Care Panel, 5th Ann. Meet. 
pp. 71-80 . 1954. 
388. Reveiw of the principals of gentics (sic). Jour. Heredity 46:123-124. 
389. Hollen, Norma and Jane Saddler. Textiles. lsted. 197pp. Macmillan. 1955. 

















Holt, !my Vincent. Cytohistological responses of varieties of Avena to 2, 4-D. 
Iowa State Coll. Jour. Sci. 29:581-629. 1955. ---
Homeyer, P.G., joint author. 5;eunderAllen, ·carlin, Fox, Jacobson, 
Jensen, A.H., Kozicky. 
Hooker,A.L., G.F. Sprague, and W.A. Russell. Resistance to Puccinia sorghi 
in corn. Agron. Jour. 47:388. 1955. 
Hooker, D. T., joint author .-See under Klingman. 
Horner, T. W. and O. Kempthorne. The components of variance and the corre-
lations between relatives in symmetrical random mating populations. 
Genetics 40:310-320. 1955. 
joint author. See under Frey. 
4 Horrocks, D.L. and A.F. Voigt. Half-life of thallium20 Physical Rev. 
95:1205. 1954. 
Howard, N., joint author. See under Beegle. 
Hoyt, Elizabeth E. The spender's choice. Corona (London) ~:332-335. 1954. 
Hudson, D. E., joint author. See under Shaw, W. C. 
Huffman, M. D. Testing for resistance to the Septoria disease of oats. Plant 
Dis. Reporter 39:25-28. 1955. ----
Huffman, Marion D-:- Disease cycle of Septoria disease of oats. Phytopath. 
45:278-280. 1955. 
Hughes, F.J. and D.S. Martin, Jr. Kinetics of the oxidation of selenious acid 
by hydrogen peroxide. Jour. Phys . Chem. 59:410-4.15. 1955. 
, joint author. See under Marti~ D.S. -
Hughes, H. D., joint author. See under Hawk, Scholl. 
Hughes, Wm. L. A technique for solving certain networks containing a nonlinear 
element. Proc. Natl. Electronics Conf. 10:337-348. 1954 . 
. - Expe:i=it:nental equipment for recording~nd reproducing color television 
---images on black and white film. 1955 I.R.E. Convention Recol'd, Part 7. 
pp.69-80. 1955. 
Hukill, W. V. and N.C. Ives. Radial air flow resistance of grain. Agric . Engr. 
36:332-335. 1955. 
-and C.K. Shedd. Non-linear air flow in grain drying. Agric. Engr. 36: 
--462-466. 1955. 
Hull, Dale 0., joint author. See under Armstrong. 
Hunt, Donnell. Farm Power and Machinery Management. A laboratory manual 
137 pp. 1954. 
Farm Tractor Power. A laboratory manual. 44 pp. 1955 . 
Huntress, Keith. Atomic Institute. ( a poem) Saturday Rev. p.29, June 4,1955. 
Hurlburt, Virgil L.. Farm rental practices and problems in the rnidwest. North 
Central Reg. Publ. No. SO. IowaAgric. Expt. Sta. Res. Bull. 416. 1954. 
Hussey, Roland F., joint author. See under Drake. 
596 STAFF MEMBER PUBLICATIONS, 1954-55 
406. Hutchcroft, Charles D. and Jos. L. Robinson. Iowa corn yield test - 1954. 
IowaAgric . Expt. Sta. Bull . Pll8. 36pp. 1955 . 
. , joint author. See under Wengert. 
Hviot, A., joint author. See under Anfinsen. 
Ingham, Robert K., joint author. See under Gilman. 
407. Isaacson, Stanley. Review of "Design for Decision, "by Irwin D.J. Bross. 
Econometrica 23:224-225. 1955. 
408. Isely, Duane. Key;-to sweet clover (Melilotus). Iowa Acad. Sci. Proc. 61:119-
131. 1954. 
Ives, N.C. , joint author. See under Hukill. 
Jacobs, E.M., joint author. See under Clifton, Davey . 
.. • J.acobsen, F. M., joint author. See under Beyer. 
409. Jacobson, N.L., R.S. Allen, J.T. Blake, and P.G. Homeyer. The effect of 
method of administration on the absorption and storage of vitamin A by 
dairy calves. Jour. Nutr. 54:143-153. 1954. 
, joint author . See under Allen, Lambert, Picken, Voelker. 
410. Jaselskis, B., and Harvey Diehl. The polarography of vitamins Bur and Bua· 
Jour. Arner. Chem. Soc. 76:4345-4349. 1954. 
411. Jebe, Emil H., and Norman v:-strand. Livestock marketing practices in Iowa. 
Agric. Econ. Res. 6:84-92. 1954. 
, joint author. Se; under Altman, Eppright. 
412. Jensen, A.H., D.C. Acker, H.M. Maddock, G.C. Ashton, P.G. Homeyer, 
E.O. Heady, and D . V. Catron. Different protein levels with and without 
antibiotics for growing-finishing swine: Effect on growth rate and feed 
efficiency i,z,1. Jour . Animal Sci. 14 :69-81. 1955. 
, joint author. See under Ashton. -
Jensen, E.N., joint author. See under Jones, J. T., Nichols, Pohm. 
413. Jensen, Harold R., Earl 0. Heady, and Ross V. Baumann. Costs, Returns, 
and Capital Requirements for soil .conserving farming on rented farms in 
western Iowa. Iowa Agr. Exp. Sta. Res. Bup . 423. 1955. 
414. Jessen, Raymond J. Determining the fruit count on a tree by randomized 
branch sampling. Biometrics 11:99-109. 1955. 
415. . Agricultural sample survey~! the provice of Pichincha, Ecuador, 1952. 
---Estadistica 12:401-421. 1954. 
, joint author. See under Clifton . 
416. Johansson, Sven A . E. The decay of UX1, UX2 , and UZ. Physical Rev. 96: 
1075-1080. 1954. 
417. • Experiments on the direct photonuclear effect. Physical Rev. 97:434-
--443. 1955. 
Johnson, E. L., joint author. See under Donovan. 
418. Johnson, I.J., Effect of 2 , 4-D treatment of oats on the succeeding crop. Agron. 
Jour. 46:475-476. 1954 . 
419. , W. V. Bartholomew, and H.A. Fribourg. More legumes for green 
---manure =more corn:· Iowa Farm Sci. 9: 10-12 . I 954. 
420. and W. H. B~-;-g-;;-nier. Your recornm~nded crop varieties for 1955. Iowa 
---Farm Sci. 9:9-12. 1955 . 
• joint author. See under Fribourg. 
---, Associate Editor, Agronomy Journal. 
JC:>im&on, L.E., joint author. See under Hazel. 
Johnson, R. G., joint author. See under Gilman, Oita. 
Johnston, W.B., joint author. See under Larson. 
4Zl. Jones, JackC~lvard and Oscar E. Tauber. Abnormal hemocytes in mealworms 
(Tenebrio molitor L.). Ann. Ent. Soc. Arner. 47:428-444. 1954. 
422. Jones~Jr~ and E.N. Jensen. Radiation from 7erium141. Physical Rev. 
97:1031-1033. 1955. 
423 . J~ne;; W . Paul. Editor: Essays on Thinking and Wri ting. 2nd ed. 87 pp. 
Wm. C. Brown Co., Dubuque, Iowa. 1955. 
Judge, George, Joint author. See u.nder Nordin. 
Juhl, W. G., joint author. See under Arnold, 
STAFF MEMBER PUBLICATIONS, 1954-55 597 
























. Moving resources out of agriculture. Farm Policy Forum 7:31-36. 1954. 
Kalton, R.R., R.C. Leffel, C . E . Wassom, and M.E. Weiss. Evahiation of 
combining ability in Dactylis glomerata L. I. Clonal and outcross progeny 
performance. IowaStateColl. Jour. Sci. 29:631-657. 1955. 
, joint author. See under Lebsock, Leffe~ 
Karmas, G., joint author. See under Gilman. 
Kastelic, J., joint author. See under Ashton. 
Kehr, August E. Tumor induction on nicotiana species by use of coconut milk 
and yeast extract. Science 121:869-870. 1955. 
, Y.C. Ting, and J.R. Miller. The site of carotenoid and anthocyanin 
---synthesis in sweet potatoes. Amer. Soc. Hort. Sci. 65:396-398. 1955. 
Kehrberg, Earl W., Earl 0. Heady, and Dean McKee. Is~rop diversification 
the answer? Iowa Farm Sci. 9:3-5 . 1954. 
Kempthorne, 0. The correlation between relatives in a random mating popul a-
tion. Proc. Roy. Soc. London, Ser. B. 143:103-113. 1954. 
The theoretical values of correlationsbetween relatives in random 
--m-ating populations. Genetics 40:153-167. 1955. 
The correlation between relatives in a simple autotetraploid population. 
---Genetics 40:168-174. 1955. 
, joint author. See under Anderson, Black, Horner, Zoellner. 
Kenkel, William F., joint author . See under Cuber. 
King) R.P., joint author. See under Hale. 
King, W. Bernard. SemimicroExperiments in General Chemistry. 2nd ed . 
165 pp. Prentice-Hall. 1955. 
and John A. Beel. The Grignard reagent reaches the freshman. Jour. 
--Chem. Educ. 32:146-148 . 1955. 
Kirk, L. K. and J.P. Mahlstede. Packaging dormant nursery stock for ship-
ment to retail markets. Proc. Amer. Soc. Hort. Sci. 65:472-482. 1955. 
, joint author. See under Mahlstede. 
Kirkham, Don. Measurement of the hydraulic conductivity of soil in place . 
Amer. Soc. Testing Materials Spec. Tech. Puhl. No. 163 . "Symposium on 
Permeability of Soils." pp.80-97. 1955. 
. Seepage of artesian and surface water into drain tubes in stratified soil. 
---Trans. ' Amer. Geophys. Union 35:775-790. 1954. 
and W. V. Bartholomew. Equations for following nutrient transformations 
---in soil, utilizing tracer data: II. Soil Sci. Soc. Amer. Proc. 19:189-192. 
1955 . -
, joint author. See under Rollins, Schilfgaarde. 
---, Consulting Editor, Soil Science . 
Kline, E.A. and L. N. Hazel. Loin area at tenth and last rib as related to lean-
ness of pork carcasses. Jour. Animal Sci. 14:659. 1955. 
, joint author. See under Ashton. 
Kline, Paul D. and George 0 . Hendrickson. Autumnal decimation of Mearns 
cottontail, Decatur County, Iowa, 1952. Proc. IowaAcad. Sci. 61 :524-527. 
1954. 
Kline, R. M. and D. J. Zaffarano. Decay characteristics of some short-lived 
nuclides of low atomic number. Physical Rev. 96:1620. 1954. 
Klingman, D. W., D.T. Hooker, and C. V. Banks. Photometric titration 
assembly for Beckman model DU spectrophotometer . Analyt. Chem . 
27:572. 1955. 
Klonglan, Eugene D. Pheasant production on the Winnebago Research Area, 
1954. Iowa Conservationist 11: 1. 1954. 
Factors influencing the fall roadside pheasant census in Iowa. Jour. 
---Wildlife Management 19:254-262. 1955. 
Koning, Alice L. Histochemical localization of some of the con,stituents of the 
developing juvenile feather. Anat. Rec. 120:753-754 . 1954. 
and Howard L . Hamilton. Changes in tb;""localization of alkaline phos-
---phatase ribonucleic acid, and polysaccharides during the transition from 
down to juvenile stages of the feather . Anat. Rec. 122:422-423. 1955. 
, joint author. See under Hamilton. --
Kottman, Roy M., joint author . See under Beneke , Dickerson. 
598 STAFF MEMBER PUBLICATIONS, 1954-55 
447. Kozicky, E. L., H. 0. Hartley, and G . 0. Hendrickson . A proposed comparison 
of fall roadside pheasant counts and flushing rates . Proc. Iowa Acad. Sci. 
61:528-534. 1954. 
448. --:- George 0. Hendrickson, Paul G. Homeyer, and Richard Nornsen. 
---Weather and fall pheasant populations in Iowa . Jour. Wildlife Management 
19:136-142. 1955. 
Krider, J. L . , joint author. See under Dickerson. 
Krotz, L.C., joint author. SeeunderFassel. 
Krusekopf, H. H., joint author. See under Muckenhirn. 
Kueterneyer, Carol A., Assistant Editor, Iowa Farm Science. 
Kutish, Francis A., Editor, Farm Policy Forum . 
Laity, R. W., joint author. See under Duke. 
449. Lambert, M.R., N.L. Jacobson, R.S. Allen, and M . R. Bell. The relation of 
growth, feed consumption, and certain blood constituents to changes in the 


















Lana, E.P. and Lewis E. Peterson. Irrigation in Iowa . Market Growers Jour. 
48: 13-30 . 1954. 
--:- joint author. See under Peterson, L . E. 
Lantz, H. L . and E. L. Denisen . Black Hawk, a new raspberry for the rnidwest. 
'Iowa Fa:rrn Sci. 9: 63 9-641 . 1 954. 
Larson, W. E. Effect of method of application of double superphosphate on the 
yield and phosphorus uptake by sugar beets. Arner. Soc. Sugar Beet 
Technol. Proc . 8:25-31. 1954 . 
and W. B. Jo~ston. The effect of soil moisture level on the yield, con-
---surnptive use of water, and root development by sugar beets. Soil Sci. 
Arner. Proc. 19:275-279 . 1955. 
, joint author~ See under Schaller. 
Lawton, W. C., and F . E. Nelson . Influence of sublethal treatment with heat or 
chlorine on the growth of psychrophilic bacteria . Jour. Dairy Sci. 38:380-
387. 1955. 
, The effect of storage temperatures on the growth of psychro-
---philic organisms in sterile and laboratory pasteurized skim milk. Jour. 
Dairy Sci. 37:1164-11 72. 1 954. 
LeBaron, HelenR . Career day planning . Jour . Horne Econ. 47:91-94. 1955 . 
Lebsock, K. L. and R.R . Kalton. Variation and its evaluation -;;ithin and among 
·strains of Brornus inerrnis Leyss. I. Spaced-plant studies. Agron. Jour. 
46:463-467. 1954. ---
Leffel, R. G., R.R. Kalton, and C. E. Was sorn. Fertility evaluations and their 
relationships to clonal performance and combining ability in orchardgrass, 
Dactylis glornerata L. Agron . Jour. 46:370-374. 1954. 
, joint author . See under Kalton, 
Legg, J.O. and C.A . Black . Determination of organic phosphorus in soils. 
II. Ignition method. Soil Sci. Soc. Arner . Proc. 19:139-143. 1955. 
, joint author. See under Mehta. -
Legvold, Sam, joint author. See under Rossing . 
Lentz, C . F., joint author . See under Fass el. 
Leverton, R., joint author. See under Swanson. 
Lewis, W . E., joint author. See under Pohrn . 
Lilly, J . H. Where are we going in soil insect control? Proc. 10th Ann. Meet. 
North Central Branch Ent. Soc. Arner. 10 :14-15. 1955 . 
• Insecticide fertilizer mixtures. Natl."" Fertilizer Rev. 30:3-6. 1955. 
---. Insecticides help control soil.insects. Better Farming Methods 26: 1-2. 
--1954 . -
. Many advantages seen for fertilizer-pesticides in controlling soil 
insects. Croplife 2:7, 18. 1955. 
. Recent develop~ent in the use of soil insecticides. FAQ Plant Protec-
--t-ion Bull . 3 : 8 1 -85. 1955 . 
. How ne~ chemicals are being applied to control rootworrns. Implement 
---and Tractor 70:22-24 , 64. 195 5 . 
and HaroldGunderson . Soil insecticides . . • crop insurance . Iowa Farm 
--Sci. 9: 9-1 1. 1955 . 
, jo~t author . See under Fredericksen, Walstrom. 
STAFF MEMBER PUBLICATIONS, 1954-55 
Lind, E. F., joint author. See under Frans. 
Linderstri&'m-Lang, K., joint author. See under Anfinsen. 
Lindquist, Donald A., joint author. See under Fay, McCauley. 
Lindstrom, E.W., joint author. See under Griffing. 
Liston, Glenn C. , joint author. See under Rutledge . 
Liu, C.H., joint author. See under Catron. 
599 
467. Lockhart, William R. A rapid micromethod for bioautographic assay. Appl. 
Microbiol. 3:152-153. 1955. • 
Lohman, F. H. , Joint author. See under Diehl. 
468. Long, W.H. and J.R. Dogger. Seasonal history studies on the southern corn 
rootworm and its relation to peanut culture in North Carolina. Jour. Elisha 
Mitchell Sci. Soc. 71:1-8. 1955. 
469. Loomis, W.E. Resista~e of plants to herbicides. Chapter in: "Origins of 
Resistance to Toxic Agents." pp. 99-120. 1st ed. Academic Press. 1955. 
470. FactSres.fis'iol6gicas que limitan as colheitas. Rev. Agric. 29:303-315. 
--1954. -
471. , E.S. Rodgers, R.L. Warden, and R.E. Frans. Association of American 
---Railroads Cooperative weed control project. Bull. Amer. Rwy. Engr. Assoc. 
56:718-724. 1955. ' 
, joint author. See under Chapman,Dale,Gleason,Hammond,L.C.,Mueller. 
---, Associate Editor, Plant Physiology. 
---, Editor, Plant Physiology Section, Biological Abstracts. 
472. Lorch, Fred W. Mark Twain's lecture tour of 1868-1869: The American vandal 
abroad. Amer. Literature 26:515-527. 1955. 
Lovely, W.G., joint author. Se;-under Brindley, Buchele, Cox. 
Lovestead, Howard S., joint author. See under McComb. 
473. Lowe, Belle. Experimental Cookery. 4th ed. 573 pp. John Wiley and Sons, Inc. 
1955. 
Lucas, George B., joint author. See under Hammond, George S. 
Ludlow, Patricia, joint author. See under Pattison. 
Lunan, Kenneth, joint author. See under Sinsheimer. 
Lundberg, W. 0., joint author. See under Hammond, Earl' G. 
474. Lunden, Walter A. Interpretation of changes in crimes in Japan. Jour. Crimi-
nal Law, Criminology, and Police Sci. 46:243-246. 1955. 
475. . Offenders in Court and in Prison, 1955. Iowa State College Bookstore. 
--125 pp'. 1955. 
, Abstract Editor, Excerpta Medica. 
476. Lush, Jay L. Estimates of heritability in a breeding program. Chapter In: 
"Breeding Beef Cattle for Unfarovable Environments", edited by Albert 0. 
Rhoad. University of Texas Press. 1st ed. pp. 113-126. 1955. 
477. Breeding structure of populations. I. General Considerations. Chapter 
--4-2 in: "Statistics and Mathematics in Biology", edited by Oscar Kempthorne 
etal. IowaStateCollegePress. lsted. 632pp. 1954. 
4 7 8. - . -Rates of genetic changes in populations of farm animals. Proc. 9th 
--I-nternatl. Congr. Genetics {Caryologial Florence, Italy. 6:589-599. 1954. 
479. , and Lon D. McGilliard. Proving dairy sires and dams:- Jour. Dairy 
--Sci. 38:163-180. 1955. 
, joint author. See under Carneiro, Dickerson. 
Lyle, Mary S., joint author. See under Chadderdon. 
480 . Lyon, C.A., R. L. Handy, and D. T. Davidson. Property variations in the 
Wisconsin loess of east-central Iowa. Proc. Iowa Acad. Sci. 61:291-312. 
1954. -
, joint author. See under Handy. 
481. McCauley, Robert H. Jr., Mary M. Grainger, Donald A. Lindquist, and 
Richard W. Fay. Laboratory comparison of some insecticides as larvicides 
against nonresistant house flies. Jour. Econ. Ent. 48:269-273. 1955. 
482. McComb, A. L. and Norman J. Hansen. A naturally occ~ring aspen-poplar 
hybrid. Jour. Forestry 52:528-529. 1954. 
483. and Howard S. Lovestead. Viability of cottonwood seeds in relation to 
---storage temperature and humidities. Tree Planter's Notes. Forest Serv. 
U.S.D.A. No.17. pp.9-11. 1954. 
, joint author. See under Dale. 
McDonald, Eileen M., joint author. See under Dachtler. 
600 STAFF MEMBER PUBLICATIONS, 1954-55 
484. McHugh, Richard B. and William A. Owens, Jr. Age changes in mental 
organization -- A longitudinal study . Jour. Gerontology 9:296-302. 1954. 
485. McJirnsey, Harriet T. Costume Selection. Burgess Publish~g Co., Minnea-
polis, Minn. 1st ed. 84 pp. 1955. 
486. McKee, Dean and Earl _O. Heady. How big will our farms get? Iowa Farm Sci. 
9:3-6. 1955. 
, joint author . See under Heady, Kehrberg. 
487. McKinney, Leonard L., Eugene H. Uhing, John L. White, and Joseph C. Picken, 
Jr. Autotoxidation of products of trichloroethylene. Agric. and Food 
Chern . 3:413-419. 1955. 
, jointauthor . See under Picken. 
McMiller, P.R., joint author . See under Muckenhirn. 
488. McNabb, Harold S. Jr. Tagging method for rapid recognition of culture tubes. 
Plant Dis. Reporter 3 9 :43 7. 1955. 
489. Variations arnongisolates of Fornes annosus (Fr.) Cke. of different 
---geographical and host origin . Huitierne Congres International de Botanique, 
Paris 1954, Rapports et Communications parvenu avant le Congres, Sect. 
20. p.133. 1954. 
490. The status of oak wilt in Iowa. Proc. Iowa Acad. Sci. 61:141-148. 1954. 
491. Oak wilt research--a lesson in cooperation. Ames For;$ter 42:17-19 . 
--1955. 
McWilliarns, Richard, joint author. See under Scholl . 
Maa, Tsing-chao, joint author. See under Drake. 
Maddock, H. M., joint author . See under Ashton, Jensen, A.H. 
492. Mahlstede, J.P. Handling and packaging perennials for shipment. Arner. Nur-
seryman. 100:17,98. 1954 . 
493. . Shipping;-oses in polyethylene wraps. Arner. Nurseryman 101:12. 
--1955. 
494. . Chemical weed control in the nursery. Arner. Nurseryman ~ :11,106. 
--1955. 
495. . A review of retail p ackaging : From boxes to polyethylene. Arner , Nur-
---seryrnan 101:9,125. 1955. 
496. . Handlin~vergreens for shipment. Arner. Nurseryman 100:12, 92. 
--1954. -
497. and L. K. Kirk. Polyethylene : A solution to nursery shipping problems. 
---Arner. Nurseryman 100:7, 64. 1954. 
, joint author. See ~der Kirk. 
498. Mairs, P., E. Willis, and P. Swanson. We 've counted the calories in your 
diet. Iowa Farm Sci. 9:651-654. 1955. 
, joint author. See u~er Swanson, P., Willis. 
Malaby, K. L., joint author. See under Winders. 
Maldonado-Capriles, J ., joint author. See under Drake . 
499. Margoshes, M. and V.A. Fassel. The infrared spectra of aromatic compounds. 
I. The out-of-plane C-H bending vibrations in the region 625-900 Crn-1 • 
Spectrochirnica Acta 7:14-24. 194.5. 
500 . and V.A. Fassel. Infrared functional group analysis of aryl silanes. 
---Analyt. Chern. 27 :351-355 . 1955. 
Marshall, F. J., johrl author. See under Gilman. 
501. Martin, Don S. Jr., and F. J. Hughes. Kinetics of hydrogen peroxide oxidation 
of selenious acid. Jour. Phys. Chern . 59:410-415. 1955. 
, joint author. See under Grantham, Hughes, F. J . 
502. Martin, T. G., G. E. Stoddard, and R., S. Allen . The effects of varied rates of 
hay feeding on body weight and production of lactating dairy cows. Jour. 
Dairy Sci. 37:1233-1240. 1954. 
Marvin, K.R., joint author . See under Dodds. 
Massie, S. M., joint author . See under Gilman. 
503 . Mathews, John and D. A. Buthala. Electrophoretic determination of the immu-
nological response of swine to hog cholera. Vet. Med. 50:213-215. 1955. 
, joint author. See under Schwarte . -
504 . Meen, R.H. and H. Gilman. Preparation and cleavage of some organosilanes 
containing heterocyclic groups . Jour. Organ. Chern. 20:73-8 1. 1955. 
STAFF MEMBER PUBLICATIONS, 1954-55 601 
505. Mehta, N.C . , J.O. Legg, C.A.I. Goring, and C.A. Black . Determination of 
organic phosphorus in soils: I. Extraction method . Soil Sci. Soc. Amer. 
Proc . 18:443-449. 1955. 
506 . Melampy, R. M. and L. F. Cavazos. Comparative study of lipids in vertebrate 
testes. Proc . Soc. Exptl. Biol. and Med. 87:297-303. 1954. 
507. . Review of: '!Artificial Breeding and Livestock Improvement" by G. W. 
---Stamm. {Windsor Press, Chicago, 1954. 304 pp.) Jour. Heredity 46:71. 
1955. -
, joint author. See under Cavazos, Duncan. 
"Mcldrum, H.R., joint author. See under Dumenil, Pesek, Stanford. 
508 . Merchant, I.A. The challenge to Veterinary Public Health. Proc. Amer. Vet. 
Med. Assoc. 9lst Ann. Meet; pp.439-441. 1954. 
509. Merten, Helmut and Henry Gilman. Some long-chained organosilicon compounds. 
Jour. Amer. Chem. Soc. 76 :5798. 1954. 
Metcalfe, D.S . , joint author. SeeunderThompson,H.E . , Wiggans. 
510. Metzler, David E . and Esmond E. Snell. Spectra and ionization constants of the 
vitamin B6 group and related 3-hydroxy-pyridine derivatives. Jour. Amer. 
Chem. Soc . 77:2431-2437. 1955 . 
Miller, F.A., joint author. See under Hansen,R.S. 
Miller, G. H., joint author. See under Herwig. 
Miller, J . C., joint author. See under Kehr. 
511. Millett, M.L. Rolling friction. Iowa Engineer 55:40-41. 1955. 
Monroe, John, joint author. See under Davey. -
Monson, Paul H., joint author. See under Beal. 
Morgan, Agnes Fay, joint author. See under Arnrich. 
512. Morgan, Paul E. and E. Robert Baumann. Recent sewage treatment plant costs 
in Iowa . Jour. Sewage andlndust. Wastes 27:257-260. 1955. 
513 . Morinaga, H . Effects of isotopic spin selection rules on photonuclear yields. 
Phys. Rev. 97:444-446. 1955. 
514. Muckenhirn, R.J~ L.T. Alexander, R.S. Smith, W.D. Shrader, F.F. Riecken, 
P.R. McMiller, H.H. Krusekopf. Loess-derived gray-brown podzolic soils 












Sta. Bull. 587. 80 pp. 1955. 
Mueller, L.E., P.H. Carr, and W.E. Loomis. The submicroscopic structure 
of plant surfaces. Amer. Jour. Bot. 41:593-600. 1954. 
Murie, R., and Harvey Diehl. Effects of heating vitamin Biz ·in a stream of dry 
nitrogen at various temperatures. Iowa State Coll. Jour . Sci. 29 :143-145. 
1954. -
Murphy, D.R., joint author. See under Tiffany. 
Murphy, Glenn. Objectives of advanced programs in mechanics. Buli. Mech. 
Div. - Amer. Soc. Engr. Educ. 1:12-16. 1954 . 
. Report on the Carnegie confe~nce. Jour. Engr. Educ. 45:418-422. 1955. 
---. Complementary role of physics and mechanics in education. Jour . Engr. 
--Educ. 45 :753-757. 1955. 
Murphy, H.C. Registration of oat varieties, XIX. Agron. Jour. 46:525. 1954. 
, joint author. See under Browning, Finkner, Simons . 
Murray, William G. State action for better assessments. State Govt. 28:90-94. 
1955 . 
. Iowa farm values up again. Iowa Farm Sci. 9(8):12-13. 1955. 
---. Improving property assessments in the rnidw;st. North Central Land 
---Tenure Corn. 1st prelirn. ed. 48 pp. 1954 . 
, joint author. See under Aandahl. 
Nadler, M.R. and E.S. Fitzsimmons. Preparation and properties of calcium 
zirconate. Jour. Amer. Ceramic Soc. 38:214-217. 1955. 
Nady, Robert M., joint author. See under Csanyi. 
Nelson, F.E., joint author. See under Bennett, Lawton, van der Zant, 
Wilkowske. 
Nelson, Floyd Wm •. How to build an efficient volunteer fire department. Fire 
Engr. 108:383-470. 1955. 
, join~uthor. See under Brosier . 
~n, R.C., joint author. See undez: Parker. 
602 STAFF MEMBER PUBLICATIONS, 1954-55 
526. Nichols, R.T., A.V. Pohrn, J.H. Talboy,Jr., andE . N. Jensen. Abeta-ray 
spectrometer for coincidence measurements. Rev. Sci. Instruments 26: 
580-583. 1955. -
Nicholson, Ray, joint author. See under Pesek, John. 
Nornsen, Richard, joint author . See under Kozicky. 
527. Nordin, J. A., George Judge, and Omar Wahby. Application of econometric 
procedures to the demands for agricultural products . Iowa Agric. Expt. 
Sta. Res. Bull. 410. 1954. 
528. Nordskog, A. W. and F. J. Ghostley. Heterosis in poultry. Poultry Sci. 33: 
7 04 - 7 15 . 1 9 54 . . 
, joint author . See under Farnsworth. 
529. Norris, Dale M., Jr. Natural spread of Endoconidiophora fagacearurn Bretz to 
wounded red oaks in Iowa. Plant Dis. Reporter 39:249-253. 1955. 
Northr'op, L., joint author. See under Chung, Evers-;-n. 
530. Novak, Ralph S. Up for review--The guaranteed annual wage . Natl. Assoc . 
Cost Accts .. Bull . 36(11):1515-1521. 1955. 
531. Oita, K., R. G. Johnson, and H. Gilman. The chlorination of dibenzofuran and 
some of its derivatives. Jour. Organ. Chern. 20:657-667. 1955. 
, joint author. See under Gilman. 
Olson, Russell 0., joint author. See under Heady . 
532. Orr, Robert W. A few aspects of acquiring serials. Libr. Trends 1 :393-402. 
1955. 
533. Ostle, Bernard. Statistics in Research . 2nd ed. 496 pp. Iowa State College 
Press. 1954. 
534. Ott, John L. and C.H. Werkman . Bacterial formation of adenosine. Properties 
of the cell-free enzyme system in Escherichia coli . In: ·Biochemistry of 
Nitrogen. pp. 174-180. 1955 . -- -
Ottesen, M., joint author. See under Anfinsen. 
Oulman, Charles S., joint author . See under Baumann, E. 
535. Owens, William A . Jr . A reply to Drs. Peck-Stephenson. Jour. Appl. Psycho!. 
38 :371-372. 1954 . 
536 . -and Duane E. Thompson. Differential effects of age upon intellectual 
---functions differing in degree of genetic conditioning. Jour. Gerontology 
9:303-305. 1954. 
-, joint author. See under McHugh . 
537. Paddock, Floyd B. Report of the State Apiarist for Year Ending December 31st, 
1954. 125 pp. Des Moines. 1955 . 
Parchen, F. R., joint author. See under Duke . 
538. Parker, J.R., R.C. Newton, andR . L . Shotwell. Observations and mass flights 
and other activities of the migratory grasshopper. USDA Tech. Bull. 1109. 
46 pp. 1955. 
539. Parks, Laurence R., George S. Hammond, and M. Frederick Hawthorne. 
Substituent effects on the reaction of benzoate ions with 2, 4-dinitrochloro-
benzene and methyl iodide . Jour. Amer. Chem. Soc. 17:2903-2904. 1955. 
, joint author. See under Hammond, George S . -
540. Parks, W. Robert . The meaning of democracy. Farm Policy Forum pp. 2-8. 
Winter, 1955. 
541. and Joseph F. Wall. Freedom . Iowa Farm Bur. Fed. 68 pp. 1955. 
---, Technical Editor, winter, 1955, Farm Policy Forum. 
Parmelee, C . E., joint author. See under Wilkowske . 
542. Pattillo, Walter H. and Elery R. Becker. Cytochemistry of Eirneria brunetti 
and E . acervulina of the chicken. Jour. Morphology 96:61-96. 1955. 
·543. Pattison;- Mattie, Patricia Ludlow, Helen S . Paulson. Te""i"ching foods in a short 
period. Jour. Home Econ. 46:707-712. 1955. 
Paulson, Helen S . , joint author.-See under Pattison. 
Peabody, R.C., joint author. See under Brown, F.E . 
Pearson, E.S., joint author. See under David. 
544. Peet, .. Louise J . and Lenore Sater Thye. Household Equipment. 4th ed. 443 pp . 
John Wiley and Sons, Inc . 1955. 
545. Pennell, Ellen. Ideas to help you with public relations. Pr act. Horne Econ. 
33 : 9,39-44. 1955. 
546. - Why they love to stay home. Town Jour. 6Z:56-58, 1955 . 
STAFF MEMBER PUBLICATIONS, 1954-55 603 
Penny, L.H., joint author. See under Dicke. 
:;47. Penquite, Robert and R.E. Phillips. Laboratory exercises in poultry husbandry. 
Iowa State College Press. 3rd ed. 1955 . 
Pesek, I., joint author. See under Beegle, Swanson. 
548. Pesek, John . The absorption of phosphorus from phosphate fertilizers applied 
to established meadows. III. Effect of phosphorus source and placement 
and of a meadow composition . Soil Sci. Soc. Amer. Proc. 19:63-66. 1955. 
549. and Lloyd Dumenil. How much fertilizer carryover? What's New in 
---Crops and Soils 7: 10-11. 1 955. 
550. , Ray Nicholson: and Clifford Spies. What about fertilizers in dry years? 
--Iowa Farm Sci. 9(10):3-6. 1955. 
S51. , R.P. Nichols~n, and H.R. Meldrum. Don't neglect lime~ Iowa Farm 
--Sci. 9(7 ):21-24. 1955. 
552. et ai. Profitable use of fertilizer in the midwest. University of Wisconsin 
---Ag-;i;. Expt. Sta. North Central Reg. Publ. No.54. 1954 . 
, joint author. See under Dumenil, Heady, Webb. 
~son, Conrad, joint author. See under Boozer. 
553. Peterson, G.A . and Earl 0. Heady. Application of input-output analysis to a 
simple model involving agriculture. Iowa Agric. Expt. Sta. Res. Bull. 427. 
1955. 
554. Peterson, Lewis E. and E.P. Lana. Irrigation, fertilizer and cultural studies 
with sweet potatoes, muskelons and watermelon on Buckner coarse sand . 
Trans. Iowa State Hort. Soc. 88:237-252. 1953. 
, joint author. See under La~ . 
Peturson, B., joint author. See under Simons. 
Phillips, Donald L., joint author. See under Spangler. 
555. Phillips, Richard. Iowa economist sees need for changing buying practices also. 
Soybean Digest p. 19 . February, 1955. 
556. . Avoid discounts when selling grain. Hoard's Dairyman 10: 1955. 
557. --- and Ralph W . Hansen. More grain storage on Iowa farms:- Iowa Farm 
--Sci. 9(1): 1954. 
, jo~t author. See under Beal, Beneke, Dachtler, Hansen, R. W . 
Phillips, R. E., joint author. See under Donovan, Penquite. 
558. Picken, Joseph C. Jr., Norman L. Jacobson, Robert S. Allen, Harry E. Biester, 
Paul C. Bennett, Leonard L. McKinney, and John C. Cowan. Toxicity of 
trichloroethylene-extracted soybean oil meal. Agric. and Food Chem. 
3:420-424. 1955. 
-, joint author. See under Bauriedel, McKinney. 
Pickett, Mary S., joint author. See under Ehrenkranz. 
559. Pidd, R. W., C.L. Hammer. Electron scattering on tungsten at 31, 40 and 60 
mev. Phys. Rev. 99:1396-1400. 1955. 
, joint author. Se7 under Hammer. 
~ann, Fritz, joint author. See under Drake. 
560. Plumb, Galen R. and Don C. Charles. Scoring difficulty of Wechsler compre-
hension responses. Jour. Educ. Psychol. 46:179-183. 1955. 
561. Pohl, Richard W. A rapid softening agent for dried plant structures. Proc . 
IowaAcad. Sci. 61:149-150. 1954. 
562. Pohm, A . V., W.E. Lewis, J.H . Talboy, Jr., and E.N. Jensen. The beta-
spectra of Prl42, Tml70, and Rb86. Phys. Rev. 95:1523-1529. 1954. 
563. , R.C. Waddell, J.P. Powers, and E.N. Jensen.-Beta spectrum of CH. 
--Phys. Rev . 97:432-433. 1955. 
, joint auth(;i.. See under Nichols, R. T., Willis. 
564. Porter, A.R. and R.S. Allen. Dairy cows like ground corn in grass silage. 
Iowa Farm Sci. 9: 6- 7. 1954. 
565. Porter, Blaine M. The relationship between marital adjustment and parental 
acceptance of children. Jour. Home Econ. 47:157-164. 1955. 
Powell, J.E., joint author. See under Spedding:-
Powers, J.P., joint author. See under Pohm. 
Prill, R. C. , joint author. See under Rube. 
Pudelkewicz, C., joint author. See under Everson. 
Quaife, E.L : , joint author. See under Catron. 
Quinney, B., joint author . See under Fassel. 

















STAFF MEMBER PUBLICATIONS, 1954-55 
Racusen, D. W. and S. Aronoff. Metabolism of soybean leaves. VI. Exploratory 
studies in protein metabolism. Arch. Biochern. and Biophys. 51:68-78. 
1954. -
Ramsey, Frank K. The pathology of mucosa! disease of cattle. Proc. 9lst 
Meet. Arner. Vet. Med. Assoc. pp. 162-167. 1954. 
Raun, Earle S. Weight gains in feeder calves treated with low pressure rotenone 
sprays to control cattle grubs. Jour. Econ. Ent . 48: 
Use of synergized pyrethrins to prevent oviposition by cattle grubs. 
---Jour. Econ. Ent. 48: 
. Pestproof yourlivestock. Successful Farming. pp. 52-98. May, 1953. 
---. Fly control ... is it possible in 1953? Hoard's Dairyman p.429. 
--May 10, 1953. 
, joint author. See under Dahm. 
Reid, · Th. L., joint author. See under Wenkert. 
Repp, Ward W., W.H . Hale; E.W. Cheng, and Wise Burroughs. The influence 
of oral administration of non-protein nitrogen feeding compounds upon blood 
ammonia and urea levels in lambs. Jour. Animal Sci. 14:118-131. 1955. 
Riecken, F. F., joint author. See under Muckenhirn, Ruhe,Swenson. 
, Associate Editor, Soil Science Society of America Proceedings. 
~. J., joint author. See under Gilman. 
Robbins, Russell. Flushing bar saves pheasants. Iowa Farm Sci. 9:1. 1954. 
Robbins, William E. and Paul A. Dahm. Absorption and excretion,distribution, 
and metabolism of carbon-14-labeled DDT by the American cockroach. 
Agric. and Food Chern. 3:500-508 . 1955. 
Roberson, Opal and Normal Hollen. New Fabrics. More wear with good care. 
Agric. Ext. Bull. HE31. 8 pp. 1955. 
Roberts, H., joint author. See under Swanson, Willis . 
Roberts, P . H., joint author. See under Beegie. 
Robertson, Fred. Review of trigonometry texts. Arner. Math. Month. 61 :656-
657 . 1954 
Robinson, Joe L., joint author. See under Hutchcroft. 
Robotka, Frank. A theory of co-operation. Zeitschrift far das Gesarnte 
Genossenschaftswesen. Univ. of Erlangen, W. Germany. 5:155-175. 1955. 
Roderuck, C.R ., joint author. See under Eppright, Garcia. 
Rodgers, E.G., joint author. See under Loomis . 
Rollins, Ralph L., M. G. Spangler, and Don Kirkham. Movement of soil mois-
ture under a thermal gradient. Proc . Highway Res . Bd. 33:492-508. 1954. 
Rosdail, J. R., joint author. See under Groth. 
Ross, Alan, joint author. See under Hartley. 
Ross, E. D. The college textbook in American history before the war era. 
Social Studies 46:14-21. 1955. 
James F. Wilson, legalistic free-soiler. Ann. of Iowa 32:365-375. 
--1954. 
, Editorial Board, Social Science. 
581. Rossing, Thomas D. and Sam Legvold. Collision excitation of molecular 
vibrations in halogen-substituted methanes. Jour. Chern. Phys. ~:1118-
1125. 1955. 
Royer, Keith, joint author. See under Br osier. 
Roze, Janis A., joint author. See under Drake. 
582. Ruhe, R. V. Relations of the properties of Wisconsin loess to topography in 
western Iowa . Arner. Jour. Sci. 252 : 663-672. 1954. 
583. and J.G. Cady. Latosolic soils ~central African interior high plateaus. 
---Trans. 5th Internatl. Congr. Soil Sci. 4 :401-407 . 1954. 
584. , R. C. Prill, and F. F. Riecken. Pr~ile characteristics of some loess-
---derived soils and soil aeration. Soil Sci. Soc. Arner. Proc. 2:345-347. 
1955. 
585. and W.H. Scholtes. Radiocarbon dates in central Iowa. Jour. Geology 
---63:82-92. 1955. 
586. Run~, R.E. Review of: "Quantum Chemistry" , by K.S. Pitzer. Jour. Arner. 
Chern. Soc. 77:253. 1955. 
; joint auth~. See under Daane. 
~ll, W.A., joint author. See under Hooker. 
STAFF MEMBER PUBLICATIONS, 1954-55 
587. Rutledge, Glenn, Gladys L. Harrison, John F . Heer, Glenn C. Liston and 
David B. Tolman. Our periodicals tell the story. Amer. Assoc. · Agric. 
Coll. Editors 37:1-3. 1955. 
Saddler, Jane, joint author. See under Hollen. 
605 
588. Schaller, F. W. Fertilizer helps control erosion. Iowa Farm Sci._2.:20-22. 1955. 
589. Schaller, F. W., and D. D. Evans. Some effects of mulch tillage. Agric. Engr. 
35:731-734. 1954. 
590. Schaller, F. W. and W.E. Larson. Effect of wide spaced corn rows on corn 
yields and forage establishment. Agron. Jour. 47:271-276. 1955. 
, joint author. See under Hawk. 
Schellman, J., joint author. See under Anfins en. 
591. Schmidt, C.H., Studies of synergists for pyrethrins and related synthetic com-
pounds. Proc. l 0th Ann. Meet. North Central Branch Ent. Soc. Amer. 
10:56-60. 1955. 
592. Schmidt, Louis Bernard. Andrew Jackson and the agrarian west. Current Hist. 
28:331-330. 1955. 
593. -: Agriculture in transition. Current Hist. 26:74-80. 1954. 
594. Scholl, J.M. An attachment for a field chopper f~ measuring area harvested. 
Agron. Jour. 47:105. 1955. 
595. , H.D. Hugh;;, and Richard McWilliams. Renovation can double pasture 
---production. Iowa Farm Sci. 9:7-8. 1955. 
596. and H. E. Thompson. Bird;ioot trefoil ... best legume for permanent 
--_-pastures. Iowa Farm Sci. 10:3-5. 1955. 
, joint author. See under Heady. 
Scholtes, W.H._, joint author. See under Aandahl, Ruhe. 
597. Schuldt, Paul H. Comparison of anthracnose fungi on oak, sycamore, and other 
trees. Contributions from the Boyce Thompson Inst. 18:85-107. 1955. 
598. Schwab, G.O. Plastic tubing for subsurface drainage. Agric . Engr. 36:86-89, 
92. 1955. -
, joint author. See under Frevert, 
599. Schwarte, L.H. Stability of hog cholera virus. Vet. Med. 49:375-376. 1955. 
600. .and John Mathews. Aerosol properties of lyophilized hog cholera virus. 
--Vet. Med. 49:233-234. 1954. 
601. , Transmission of hog cholera via the respiratory tract. North 
---Amer.· Vet. 35:671-672. 1954. 
, joint auth~. See under Zimmerman. 
602. Scott, A.D. and D.D. Evans. Dissolved oxygen in saturated soil. Soil Sci. Soc. 
Amer. 19:7-12. 1955. 
, joint-;;:uthor. See under Evans. 
603. Scott, Jesse F. and Robert L. Sinsheimer. Technique of Study of Biological 
Effects of Ultraviolet Radiation. Chap. IV in "Radiation Biology", Vol. II. 
pp. 119-163. McGraw-Hill. 593 pp. 1955. 
Seagraves, James, joint author. See under Heady. 
Sealock, R.R., joint author. See under Brierly. 
604. Semeniuk, G. Microflora. Chap. III in: "Storage of cereal grains and their 
products." Amer. Assoc. Cereal Chem. Monogr. Ser. 2:77-151. 1954. 
Sen, Jyotirindra N., joint author. See under Boozer, Hamm-;;nd,G.S. 
Shaw, K.G., joint author. See under Smutz. 
605 . Shaw, R.H. A comparison of two types of dew duration recorders. Air Force 
Cambridge Res. Center Spec. Rept. No . 2. 40 pp. 1 955. 
606. . Climatic requirement. Chap. 7 (24. pp.) in: "Corn and Corn Improve-
---ment." Monograph of Amer. Soc. Agron. Ed. by G. F. Sprague. Academic 
Press. 1st ed. 1955. 
607. Comparison of dew duration on Duvdevan's dew gauges and several crop 
---cover. Air Force Cambridge Res. Center Spec. Rept. No. l. 18 pp. 1954. 
608. , H.C.S. Thom, and G. L. Barger. The climate of Iowa I. The occur-
---rence of freezing temperatures in spring and fall. Iowa State Coll. Spec. 
Rept. No. 8. 88 pp. 1954. 
, joint author. See under Wiggans, Wilsie. 
Shaw, Russell, joint author. See under Heady. 
609. Shaw, W.C. Microforceps for handling very small specimens. Rev. Sci. 
Instruments 26:238. 1955. 
606 STAFF MEMBER PUBLICATIONS, 1954-55 
610. , D.E. Hudson, and G.C . Danielson. Preparation of microscopic crystals 
---for electrical measurements. Rev. Sci. Instruments 26:23 7-238. 1955. 
Shedd, C. K., joint author. See under Hukill, Thompson, H.J. 
Sheeler, J.B., joint author. See under Chu . 
611. Shepherd, G.S. What can a research man do in agricultural price policy? Jour. 
Farm Econ. 37:305-314. 1955. 
612. ___ . MarketingFarm Products--Economic Analysis. Iowa State Coll. Press. 
3rd ed. 488 pp. 1955. 
613. . When does it pay to store grain? Iowa Farm Sci. 9:23-26. 1954. 
614. ---. Changes in structure . in: The Yearbook of Agricutture, 1954. pp.52-59. 
--USDA. 1 955. 
615. There's a bigger job for parity. Co-op Grain Quart. 12:14-21. 1954-55. 
616. ---. Surplus disposal and domestic market expansion. in: United States 
---Agriculture: Perspectives and Prospects . American Assembly-
Graduate School of Business, Columbia University. 1955. 
, joint author. See under Brough, Wiegmann . 
617. Sherf, A.F. and M.C. Shurtleff. Rusts in grain crops. Iowa Agric. Ext. Serv. 
Pamphlet 185 (rev.) 1955 . 
Shirley, D. A. , joint author. See under Gilman. 
Shotwell, R.L., joint author. See under Parker, J.R. 
Shrader, W. D., joint author. See under Muckenhirn. 
Shull, H., joint author. See under Goodman. 
618. Shurtleff, Malcolm C. Jr. Control of turf brown patch . Rhode Island Expt. 
Sta. Bull. No . 328. 1955. 
, joint author. See under Sherf, Sylwester. 
~11, V.D., joint author . See under Eppright. 
619. Simons, M. D. Adult plant resistance to crown rust of certain oat selections. 
Phytopath. 45:275-278. 1955. 
620 . . Physiologic races of crown rust of oats identified in 1953. Plant Dis. 
--Reporter 38:649-652. 1954. 
621. , and H. C. Murphy. Inheritance of resistance to two races of Puccinia 
~ronata Corda var. avenae Fraser and Led. Proc. Iowa Ac ad. Sci. 
61 :170-176. 1954. ---
622. -, B. Peturson, and H. C. Murphy. Purification of differential oat varieties 
---rc;r identification of races of crown rust. Plant Dis . Reptr. 39:23-24. 1955. 
, joint author. See under Browning. -
Simpson, Wm. R., joint author . See under Brosier. 
623. Sinsheimer, Robert L. Nucleotides from Tzv+ bacteriophage. Science 120:551-
553. 1954. 
624. The photochemistry of .uridylic acid. Radiation Res. 1:505-513. 1954. 
625. ---. Ultraviolet absorption spectra : Chap.Vin: Radi.atio;-Biology, Vol.II. 
--p-p.165-201. McGraw-Hill. 1955.' 
626. and Kenneth Lunan. Nucleic acid from T1 bacteriophage. Fed. Proc. 
--14:282. ·1955. 
627. Skodje, M. T. and E. Robert Baumann. A college town finances sewage treat-
ment. Water and Sewage Works 102:228-230. 1955. 
, joint author. See under Baum~. 
628. ~. James A. A revision of the subfamilyPachygrontliinae of the world 
(Hamiptera:Lygaeidae) . Philippine jour. Sci. 84:1-160. 1955. 
629. Sloss, Margaret W. The microscopic anatomy of the digestive tract of Sus 
scrofa dornestica. Arner. Jour. Vet. Res. 15:578-593. 1955. --
Smith, A.G., joint author. See under Gilman . -
Smith, Frederick G., joint author. See under Throneberry. 
Smith, H.G., joint author. See under Daane. 
Smith, J., joint author. See under Beegle . 
630. Smith, J.F. Downie. Improving the teaching of engineering. Jour. Engr. Educ. 
45:73-79. 1954. 
631. Smith, J. F. Electrostatic energy calculations for sodium tungsten bronze 
(NaxW03 ). Phys. Rev. 95:1369-1372. 1954. 
Smith, R.S., joint author. S";e under Muckenhirn. 
632. Smutz, M., G.L. Bridger, K.G. Shaw, and M.E. Whatley . The Ames process 
for separation of rnonazite. Chern. Engr ·. Progr. Symp. Ser . 13:167-170. 
1954. -
STAFF MEMBER PUBLICATIONS, 1954-55 607 
633. Snedecor, George W. Review of: "A primer of Statistics for Political Scientists, 
b y V.O. Key, Jr. Jour. Amer . Statist . Assoc. 50:608-609. 1955. 
, Editorial Board, Biometrics. 
---, Edi tor, Queries Section, Biometrics. 
Snell, Esmond E., joint author. See under Metzler. 
634 . Spangler, M . G. Secondary stresses in buried high pressure pipe lines. The 
Petrol. Engr. Nov. 1954. Engr. Expt. Sta. Rept . No.23. !Opp. 1954-55 
635. and Donald L. Phillips. Deflections of timber-strutted corrugated-metal-
---pipe culverts under earth fills . Highway Res. Bd. Bull. 102. pp.12-18. 
1954. 
, joint author. See under Rollins. 
636. Speddi ng, F. H. and J.E. Powell. A practical separation of yttrium group rare 
earths from gadolinite by ion-exchange . Chem. Engr. Progr. Symposium 
Ser . 50:7-15. 1954. 
637. , J .E . Powell, and H.J. Svec . A laboratory method for separating nitro-
---gen isotopes by ion-exchange. Jour. Amer. Chem. Soc. 77:13 93. 1955. 
joint author. See under Daane. 
Speer, Vaughn, joint author . See under Catron. 
Spies, Clifford, joint author. See under Pesek, John. 
Spink, D.R., joint author . See under Beyer. 
638. Sprague, G. F. Corn breeding. Chapt. 5 in: Corn and Corn Imp·revement, 
71 pp. 1955. 
639. . Industrial utilization. Chapt. 14 in: Corn and Corn Improvement. 24 pp. 
--.1955. 
640. The world production of corn. Chapt. 16 in: Corn and Corn Improve-
---ment. 9 pp. 1955. 
641 . . Breeding for resistance to stalk rot. Proc. Hybrid Corn Ind . -..;Res. 
--Conf. 9:38-43. 1955 . 
, joint author. See under Hooker . 
---, Assotiate Statistical Editor, Jou:r;nal of Agronomy 
---, Editor, Corn and Corn Improvement. 699 pp. Academic Press . 1955 . 
642. Sprugel, George Jr. The growth of bluegills (Lepomis macrochirus) in a ·new -· 
lake with particular reference to false annuli. Trans. Amer. Fish. Soc. 
83:58-75. 1954. 
643. ~ The growth of green sunfish (Lepomis cyanellus) in Little Wall Lake, 
---Iowa. Iowa State Coll. Jour . Sci. 29:707-719. 1955. 
644. Stacy, W.H. Guide for building your to-;;orrow's community. Agric. Ext. Serv. 
6 pp. 1955. 
645. Farmers Organizations . In: 1955 ed. of Encyclopaedia Britannica. 
Stadler, Janice, joint author. See under Gowen. 
646. Stanford, George and John Hanway. Predicting nitrogen fertilizer needs of Iowa 
soils: II. A simplified technique for determining relative nitrate production 
in soils. Soil Sci. Soc. Amer . Proc. 19: 74- 77 . 1955. 
647. , John Hanway, and H . R. Meldrum. Effectiveness and recovery of initial 
---and subsequent fertilizer applications on oats and the succeeding meadows. 
Agron. Jour. 47:25-31. 1955. 
, joint author~ See under Hanway. 
Stebbins, Dean W., joint author. See under Decker. 
648. Stewart, Lowell 0. Surveying is at the crossroads--answer of the Educator . 
Proc . 3rd Natl. Surveying Teach. Conf. 1952. 1955. 
Stiles, Wm . B., joint author. See under Higdon. 
Stoddard, G. E., joint author. See under Martin, T. G. 
Story, Charles D., joint author. See under Cheng . 
Strand, E.G., joint author. See under Heady. 
Strand, Norman V., joint author. See under Jebe. 
Svec, H.J., joint author . See under Spedding. 
649. Swanson, P . P., R-:-- L·e~erton, M.R. Gram~ - H. Roberts, and!. Pesek. Blood 
values of women: Cholesterol. Jour. Gerontology 10:41-47. 1955. 
650. , H. Roberts, E. Will i s, I. Pesek, and P. Mairs.-Food intake and body 
---weight of older women. A chapter in " Weight Control". pp. 80-96 . Iowa 
State Coll. Press. 1955. 
651. , and E. Willis. You don't outgrow your need for calc ium. Iowa Farm 
--Sci. .2_:720-722 . 1955. 
608 STAFF MEMBER PUBLICATIONS, 1954-55 
652. , , and P. Mairs. Do Iowa women eat enough protein? Iowa Farm 
--Sci. 9:698-700 . 1955. 
653. ___ , _-__ , ___ . Overweight--A problem among Iowa women. Iowa Farm 
Sci. 9:766-768 . 1955. 
, joint author. See under Eppright, Garcia, Mairs, Willis. :==. Editorial Committee, Weight Control. A collection of papers presented 
at the Weight Control Colloquim. 
Swayampati, Dhairyasheel R., joint author. See under Gilman. 
654. Swenson, R. M. and F. F. Riecken. Movement of iron in the development of 
loess-derived Brunizem soils. Soil Science 79:177-186. 1955. 
Swiss, J., joint author. See under Gilman. 
655. Switzer, C.M. Effects of herbicides on mitoclondrial enzyme systems. Proc. 
North Central Weed Control Conf. 11:10-12. 1954. 
6.5. 6.~. Switzer, William P. Studies on atrophi°Z rhinitis. Proc. Amer. Vet. Med. 
Assoc. 9lst Ann. Meeting. pp.102-106. 1954. 
657. . Observations on infectious atrophic rhinitis. Proc. U.S. Livestock 
---Sanitary Assoc. 58th Ann. Meet. pp.363-364. 1954. 
658 . Sylwester, E.P., H . Gunderson, and M.C. Shurtleff. Spraying calendar. 
Hoard's Dairyman ..!.QE.:454. 1955 . 
Talboy, J. H. Jr., joint author. See under Nichols, Pohm. 
659. Tams ma, A. F. A study of the volatile fraction isol ated from oxidized milk fat. 
I. Isolation, preliminary characterization, and chromatographic separation 
of the volatile fraction. Jour. Dairy Sci. 38:284-291. 1955. 
660. . A study of the volatile fraction isolatedfrom oxidized milk fat. II. Fur-
---ther characterization of compounds responsible for the oxidized flavor. 
Jour. Dairy Sci. 38:487-498. 1955. 
661. Tanner, Ward D. andGeorge 0 . Hendrickson. Ecology of the Virginia Rail in 
Clay County, Iowa . Iowa Bird Life 24:65-70. 1955. 
Tauber, Oscar E., joint author. See under Jones, J . C., Thompson, S. 
662. Taylor, L.H . and R.E. Atkins. Effects of natural selection in segregating 
generations upon bulk populations of barley . . Iowa State Coll. Jour . Sci. 
29:147-162. 1954. 
Terwilliger, K. M., joint author. See under Hammer. 
Thom, H.C.S., joint auth~r. See under Shaw, R.H. 
Thompson, Duane E . , joint author. See under Owens. 
663. Thompson, H.E. and D.S. Metcalfe. Producing birdsfoot trefoil seed. Iowa 
Farm Sci. 9(12):6-8. 1955. 
, joint author . See under Scholl, Wiggans. 
664. Thompson, H.J. and C. K. Shedd. Equilibrium moisture and heat of vaporiza-
tion of shelled corn and wheat. Agric. Engr. 35 :786-788. 1954. 
665. Thompson, Louis M. Opportunities in college teaching in the field of agronomy. 
Agron. Jour . 47:87-88. 1955 . 
666. Thompson, Sam H:-Problems in choosing a hog marketing place. Iowa Farm 
Sci. 9:19-22. 1954. 
667. Thompso;-, Sarane, Joseph F. Foster, John W. Gowen, and Oscar E .. Tauber. 
Hereditary differences in serum proteins of normal mice. Proc. Soc. 
Exptl. Biol. and Med. 87:315-317. 1954. 
668. Throneberry, Glyn 0. and Frederick G. Smith. Seed viabil'ity in relation to 
respiration and enzymatic activity. Assoc. Offic. Seed Analysts, Proc. 
44:91-95 . 1954. 
Thye-;- joint author. See under Peet. 
669. Tiffany, Lois H. , J.C. Gilman, and D.R. Murphy ."' Fµngi from birds associated 
with wilted oaks in Iowa. Iowa State Coll. Jour. Sci-. 29:659-706~ 1955. 
Ting, Y. C., joint author. See under Kehr . 
670. Tintner, Gerhard. The distribution of the variances of variate differences in 
the circular case. Metron 17:1-12. 1955. 
671. The teaching of econom;t°rics. In: The University Teaching of the 
---Social Sciences--Economics. UNESCO on behalf of the Internatl. Econ. 
Assoc. pp. 282-295. Columbia University Press. 1st ed. 1954. 
672. • Ein Beitrag zur nicht-statischen Werttheorie. Zeitschrift far National...: 
--akonomie. 14(2-4):358-365. 1954. 
STAFF MEMBER PUBLICATIONS, 1954-55 609 
673. Revi ew of: Econorn~trie . Colloques Internationaux du Centre National 
---de la Recherche Scientifique, Paris 12-17 rnai 1952. (Paris: Centre National 
de la Recherche Scientifique. 1953 pp.334, v.) Arner. Econ. Rev. 44:664-
666. 1954. 
674. . Review of: Grundfragen der Okonornetrie, by W. Winkler. Zeitschrift 
675. 
---far National 6konornie. 14:539-540 . 1954. 
. The use of mathematical methods in econometrics and economic statis-
---tics. Internatl. Soc. Sci. Bull . 6:640-651. 1954. 
joint author . See under Babb~. 
Associate Editor, Metroeconornica. 
Administrative Board of Editors, Metroeconornica. 
Book Review Editor, Econometrica. 
, Associate Editor, Econometrica. 
Tolman, David B., joint author. See under Rutledge. 
Uhing, Eugene H., joint author. See under McKinney. 
676. Ulmer, Martin J. Experimental definitive hosts of Fibricola crater a (Barker 
and Noll, 1915) Dubois 1932 (Trernatoda Diplostornatidae) Abst. Jour. 
Parasitology 40:33. 1954. 
677. . Precociously developed brachylarnid Metacercariae within sporocysts. 
--P-roc. Iowa Acad. Sci. 61:631-635. 1954. 
Underkofler, Leland A., joint author. See under Bauriedel. 
Ustrud, H.O., joint author. See under Higdon . 
VanderHaar, R. W., joint author. See under Banks. 
VanderWal, R.P., joint author. See under Banks. 
678. van der Zant, W.C., and F.E. Nelson. Characteristics of some endocellular 
peptidases of Streptococcus lac tis. Jour. Dairy Sci. 37:795-804. 1954. 
679. , . Amino acids and peptides in the protein-free fraction of milk 
---before and after incubation with Streptococcus lac tis. J our. Dairy Sci. 
37:790- 794. 1954. --
680 . van Schilfgaarde, Jan, R. K. Frevert, and Don Kirkham. A tile drainage field 
laboratory. Agric. Engr . 35:474-478. 1954. 
681 . Voelker, H. H., N. L. Jacobson-:-and R. S. Allen. Relationship of antibiotic 
feeding and the rate of growth to blood reducing sugar levels and glucose 
absorption in dairy calves. Antibiotic Chemotherapy 5:224-231. 1955. 
Voigt, A. F., joint author. See under Horrocks. -
Volz, E.G., joint author. See under Buck. 
Voss, M. D., joint author. See under Winders. 
W addeU-, R. C. , joint author. See under Pohrn. 
Wahby, Omar, joint author. See under Nordin. 
Wall, Joseph F., joint author. See under Parks. 
682. Walstrom, R.J. and J.H. Lilly. Protect forage crops from insects. Iowa 
Farm Sci. 9(11):7-8. 1955. 
Warden, R. L . , Joint author. See under Loomis. 
Warwick, E.J., joint author. ·See under Dickerson. 
Was sorn, C. E., joint author. See under Kalton, Leffel. 
683. Webb, J .R. and John Pesek. Evaluation of residual soil phosphor.us in perma-
nent fertility plots. Soil Sci. Soc. Arner. Proc. 18:449-453. 1954. 
Webber, H.A., joint author. See under Fellinger. -
684. Weber, C.R . Effects of defoliation and topping simulating hail injury to soy-
beans . Agron. Jour. 47:262-266. 1955. 
Weiss, M. R., joint author-:- See under Kalton. 
Welch, A. Philip, joint author. See under Crowley. 
685. Wellman, F.E. Some suggestions for the interpretation of test results. Guid-
0-Grarn (State of Iowa, Dept. of Public Instruction pub!.) pp.4,5. Oct.1954. 
686. Wengert, Gerald and Charles Hutchcroft. Farmers plant many corn varieties. 
Iowa Farm Sci. 9(9):19. 1955. 
68 7. W enkert, E. The role of oxidation in the biogenesis of alkaloids. Experientia 
l 0:346-350. 1954. 
688. . Structural and biogenetic relationships in the diterpene series. Chern. 

























STAFF MEMBER PUBLICATIONS, 1954-55 
The structure of tazettine. Experientia 10:476-480. 1954. 
The constitution oflycorine. Chern. andind. pp.1175-1177. 1954. 
and J. H . Hansen. The arnaryllidaceae alkaloids. Chern. and Ind. 
--pp.1262-1263. 1954. 
and Th. L. Reid. Intrarnolecular reactions in the oxindole series. 
---Experientia 1 0:41 7 . 1 954. 
Werkrnan, C.H. ~oint author. See under Claridge, Fowler, Ott. 
, Assistartt Editor, Enzyrnologia. 
---, Editor, Archives of Biochemistry and Biophysics. 
West, D. W ., joint author. See under Finkner. 
West, J.B . , joint author. See under Beyer. 
Weston, Henry G . The winter-spring movements of the ring-necked pheasant in 
northern Iowa. Iowa State Coll. Jour. Sci. 29:39-60. 1954. 
Whatley, J.A. Jr . , joint author . See under Dick;;son. 
Whatley, M.E., joint author. See under Smutz. 
White, John L., joint author. See under McKinney. 
White, Wm. C. and C. A. Black. Wilcox's agrobiology: III The inverse yield-
nitrogen law. Agron. Jour. 46:310-315. 1954. 
Wick, James R. and Philip F. Bonhag. Posternbryonic development of the 
ovaries of Oncopeltus fasciatus (Dallas). Jour. Morphology ~:31-60. 1955. 
Wickstrom, A. E., joint author . See under Chu. 
Wiegmann, Fred H., E.S. Clifton, and G.S. Shepherd . Comparison of costs of 
service and self-service methods in retail meat departments. Iowa Agric. 
Expt. Sta. Res. Bull. 422. 10 pp. 1955. 
Wiggans, S. C. Review of: Auxins and Plant Growth, by A. Carl Leopold. 
Agron. Jour. 47:238. 1955. 
The effect-;;{ planting date on maturity and yield of oats. Arner. Soc. 
---Agron. Abstr. 1954 Natl. Meet. p.83. 1954. 
. Germination of immature oat seeds. Plant Physiol. "Supple." 30:10. 
--1955. -
and K. J. Frey. The effect of photoperiodisrn on nitrogen nutrition and 
---tillering capacity of oats. Arner. Soc. Agron. Abst. of 1954 Natl. Meet. 
p. 77. 1954. 
, The effect of nitrogen on growth and development of oats. Plant 
---Physiol. Abst. of 1954 Meet. p. 77. 1954. 
, The effect of increased daylengths on the production of green-
---house grown oats. Agron. Jour. 47:387. 1955. 
, D.S. Metcalfe, and H.E. Thompson. The effect of chemicals on har-
---vesting of brorne grass (Brornus inerrnis) and birdsfoot trefoil (Lotus corni-
culatus) in Iowa. Arner. Soc . Agron. Abs ts. of 1954 Natl. Meei:'"p. 8~ 
1954. 
and R.H. Shaw. The effect of fluorescent and incandescent light on tern-
---peratures in photoperiodic chambers. Iowa State Coll. Jour. Sci. 30:139-
144. 1955. -
, joint author. See under Browning. 
Wik~n, T., joint author. See under Buchanan. 
Wilder, D.R. High temperature laboratory furnaces. Ames Lab. ISC-551. 
23 pp. 1954. 
and E.S. Fitzsimmons. Further study of sintering phenomena. Jour. 
---Arner. Ceramic Soc . 38:66-71. 1955. 
, Evaluation of a short column water elutriator. Jour. Arner. 
---Ceramic Soc. 34:109-114. 1955. 
, . Improved calcium fluoride shapes. Ames. Lab. ISC-514. 12 pp. 
--195~ 
Wilhelm, H.A., O . N. Carlson, and J.M. Dickinson. Colurnbiurn-vanadiurn 
alloy system. Trans. Arner. Inst. Met. Engrs. 200:915-918. 1954. 
, joint author. See under Beyer. --
Wilk, M. B. The randomization analysis of a generalized randomized block 
9.esign. Biornetrika 42:70-79. 1955. 
Wilkowskie, H.H., F.E.Nelson, and C.E. Parmelee. Serological classifica-
tion of bacteriophage active against lactic streptococci. Appl. Microbial. 
2:243-249. 1954. 
STAFF MEMBER PUBLICATIONS, 1954-55 611 
712. , Heat inactivation of bacteriophage strains active against 
---l actic streptococci. Appl. Microbiol. 2:250-253. 1954. 
713. Williams, J. T. The vanadium-sirconium alloy system. Jour. Metals 7 :345-
350. 1955. -
714. Willis, E. and P. Swanson. Fruits and vegatables. Keys to vitamins A and C. 
Iowa Farm Sci. 9:742-744. 1955. 
715. , , R. Angus, and A. Pohm. Iowa women: The kinds of food they 
---eat. Iowa Farm Sci. 9:631-633. 1954. 
716. , , P. Mairs, ~d H. Roberts. Iowa women contributors to science. 
---Iowa Farm Sci. 9:600-602. 1954. 
, joint author. See under Mairs, Swanson. 
717. Wilsie, C.P. Relative efficiency of lattice and randomized block designs for 
forage crop trials. Agron. Jour. 46:355-357. 1954. 
718. Legumes for tomorrow. Rept.State Apiarist for 1954. pp.21-25. 1955. 
719. and R.H. Shaw. Crop adaptation and climate. pp.199-252 in Advances in 
---Agronomy. Academic Press. 1954. 
, joint author. See under Brigham. 
720. Wilson, G. B. and C. C. Bowen. The study of mitotic poisons. Hutieme Congres 
Internatl. de Botanique, Rapports et Communications, Paris, 1954. Sect. 
9 et 10. pp.31-34. 1954. 
721. Winders, G.R., E.H. Dewell, R.G. Clark, M.D. Voss, and K.L. Malaby. 
Equipment for processing reactor fuels. Nucleonics 12:50-51. 1954. 
, joint author. See under Fisher. 
Winter, A . R., joint author. See under Cotterill, Funk. 
Winters, L.M., joint author. See under Dickerson. 
Woods, J. D., joint author. See under Brown, F. E. 
Woods, L.A., joint author. See under Gilman. 
722. Yoder, Lester, Edmund Cheng, and Wise Burroughs. Synthesis of estrogenic 
isoflavone derivatives. Proc. Iowa Acad. Sci. for 1954 61:271-277. 1954. 
, joint author. See under Cheng. 
723. York, George T. Present status of parasites of the European corn borer. Proc. 
10th Ann. Meet. North Central Branch, Ent. Soc. Amer. 10:65. 1955. 
Ystgaard, 0. M., joint author. See under Bird. -
Zaffarano, D. J., joint author. See under B.ureau, Kline, R. M. 
724. Zimmermann, W.J., L.H. Schwarte, and H.E. Biester. Incidence of trichini-
asis in pork products. North Amer. Vet. 36:367-370. 1955. 
• joint author. See under Becker. - · 
725. Zoellner, J.A. and Oscar Kempthorne. Incomplete block designs with blocks of 
two plots. Iowa Agric. Expt. Sta. Res. Bull. 418. 12 pp. 1954. 




Al-Ali, Ahrnen Salman 
Aldinger, Stan Merle 
Allen, James Gregory 
Allos, Nihad Khayatt 
Anderson, Guveren Montgomery 
Anderson, Jack Morell 
Anderson, Vernon Edward 












Archer, Beveryl Byrd 
Ayers, Buell, Oscar 
Aylsworth, William Kenneth 
Banta, Merle Henry 
Barnes, Lawrence Earl 
Basrnann, Robert L. 
Bauriedel, Wallace R. 
Beck, Stephan David 
Benjamin, Martha Jane 
Benner, Henry 0. P. 
Benson, Albert Peter 
Benson, Dean C . 
Bernstein, Bernard Milton 
Biddle, Richard Albert 
Bisbey, Gerald Duane 
Black, C.A. 
Blackmore, David W. 
Bloom, Solomon 
Bockhop, Clarence William 
Bollen, Walter Michael 
Borgman, Esther Marie 
Boss, Manley L. 
Bovard, Kenly Paul 
Boyd, James Sterling 
Bozivich, Helen 
Brierly, John M. 
Brown, Dorothy Louise 
Brown, Victor Herbert 
Bryant, Edward C. 
Buchele, Wesley Fisher 
Buchholtz; W. F. 
Buckley, Patricia Therese 
Bunch, James Edward 
Burian, Maria Joseph 
Burr, Robert Chester 
Byrd, Wilbert F. 
Byrne, Sydner H. 
Caedo. Maria Minda 
Caldwell, A. George 
Cale, Gladstone Hume 
Calhoun, Leslie David 
Campbell, Vincent Neal 
Carrera, Reinaldo Trin,idad 
Cerrate, Alfonso Manuel 
Chadwick, J. Richard 
Chandler, Charles S. 
Cheng, Dorothy Wei 
Clampitt, Bert Howard 
Coffey, Lee C. 
Coleman, Charles Clarence 
















































Coons, Irma Jewel 
Cooper, Raymond David 
Corliss, John Franklin 
Coursey, Susie Lenora 
Cowan, Andrew Merle 
Cowgill, George Lewis 
Cox, H.C. 
Cozad, Martha Smiley 
Craig, George Rankin Russell 
Crowther, Russell Lee 
Dale, Martin Eugene 
Davis, Charles M. 
Davis, Rodney James 
Deal, Bruce E. 
Dean, Rose McKinnon 
Delouche, James Curtis 
Di Costanzo, Charles James 
Diehl, Harvey 
Dirnit, Robert Morgan 
Donelson, Harold Wayne 
Dudley, John Wesley 
Duncan, Gordon Walter 
Dyas, Richard Harold 
Eaton, William Charles 
Eddings, George William 
.E:dwards, Robert B. 
Einspahr, Dean William 
Ellingboe, John L. 
Ellinger, Rudolph Henry 
Epstein, Raymond Howard 
Ethington, Raymond Lindsay 
Evans, Thomas Cooper 
Facto, Louis Augustus 
Ferguson, Eugene S. 
Ferguson, Marion Lee 
Fife, Patricia Beath 
Finkner, R.E. 
Fisher, Shirley June 
Folks, Horner C. 
Forney, John L. 
Fox, Hazel Metz 
Francis, Oliver James Claudius 
Frederiksen, Charles Faaborg 
Fribourg, Henry August 
Frissel, Harry Frederick 
Fryzell, Paul A. 
Fulda, Myron Oscar 
Gerhold, Norman R. 
Gertel, Karl 
Gilson, James Clayton 
Gittinger, James Price, II. 
Goering, Orville 
Grabe, Don Frederick 
Green, Donald George 
Griffith, John F. 



























































Hall, Orbie Glen 
Hamid, QuaiY-um 
Hamilton, Chester E. 
Hampton, Richard 0. 
Hansen, Norman John 
Hansen, Robert S. 
Hanway, Donald Gr ant 
Hanway, John J. 
Happe, James Alfred 
Harmon, Laurence G. 
Harries, Hubert William 
Hawkins, Kenneth Newton 
Haws, B. Austin 
Hennemuth, Richard C. 
Higdon, Sister Mary Annette 
Hildreth, Roland J. 
Hill, Donald Ray 
Hilton, James L. 























Kutkuhn, Joseph Henry 
Laity, Richard W. 
Lathrop, Irwin Tunis 
Lathrop, Robert Lee 
Lawton, Wallace Clayton 
Lee, Alice 
Li, Cheo Chen 
Linder, Raymond Lewis 
Lipscomb, Mary 
Lohman, Fred H. 
Louw, Jacobus Marius 
Lowry, Ralph A. 
Ludlow, Forest Patricia Melton 
Luebs, Ralph E. 
Lunan, Kenneth Dale 
Lyon, Craig Alfred 
Hinsch, Gertrude Wilma 
Hobart, Oscar F. Jr. 
Hodgson, Harlow J. 
Hofmann, John F. 
249, 277, 381 
MacLaury, Donald Wayne 
McCants, Charles 'Bernard 
McCaw, Herbert Paul 
McHaffey, Margaret Campbell 
McMurray, Loren Robert 
Magee, William J. 
Hogle, Donald H. 
Holzinger, Thomas Walter 
Hooker, Donald Thomas 
Hopkins, George R. 
Horzella, Teodora Ivens 
Huehn, Kermith S. 
Hunt, Donnell Ray 
Hunter, Ann Pendlebury 
Irwin, Ross Weston 
Isely, Duane 
Jacobs, Edgar Max 
Jacobsen, Frederick M. Jr. 
Jedele, Donald George 
Jeffery, Thomas Henry 
John, Melathathil Johanan 
Johns on, Curtis Allen 
Johnson, Erric Jason 
Johnson, Richard Lee 
Johnson, Robert Gudwin 
Jones, Ennis E. 
Jones, Verona Walter 
Jorgensen, Carl Warren 
Joshi, Govinda Bhakta 
Kacalek, Laudie B. 
Katti, Ramanath Keshavarao 
Kearney, Richard Joseph 
Kelleher, James Stewart 
Kelley, James Durrett 
Kern, Karl Robert 
Kindgren, Bruce Albin 
Kingrey, Burnell Wayne 
Kline, Raymond Milton 
Klonglan, Eugene D. 
Klopfenstein, Ralph Walter 
Koerner, Ernest Lee 
Koning, Alice Louise 
Kotlensky, William Valentine 









































Mann, Kenneth Gould 
Martin, Sheridan Everett 
Martin, Truman G. 
Mathews, Amos Clark 
Melvin, Horace Willis Jr. 
Mickle, Jack Leroy 
Miller, Jimmy Walter 
Miller, Madge 
Mitchell, Doreen G. 
Mitchell, Russell Forest 
Mobberley, David George 
Monroe, John 
Morrison, John L. 
Moss, Harold Glen 
Munson, Robert Dean 
Murie, Richard A. 
Murphy, Douglas Richard 
Murphy, H. C. 
Nachmany, Israel 
Nelson, George Hugo 
Ney, Kenneth Charles 
Nixon, Paul Robert 
Oita, Katashi 
Ortmeyer, Carl E. 
Othmer, Richard T. 
• Ottis, Kenneth 
Owen, Foster Gamble 
Oxborrow, Marjorie Mae 
Parchen, Frank R. Jr. 
Parks, Lawrence R. 
Paulson, Helen Strom 
Penny, Lowell H . 
Pfefferkorn, Robert Gillimer, Jr. 
Posey, Donald Rue 



























































Preston, Rodney Leroy 
Rasmussen, William Dean 
Reed, John Kenneth 
Repp, Ward William 
Rice, Melvin Hugo 
Richmond, Donald Eugene 
Ring, Laurence S., Jr. 
Robbins, Ralph Compton 
Roberts, Claude Leroy 
Rogers, Everett Mitchell 
Rossing, Thomas Dean 
Sabey, Burns Roy 
Schmidt, Donald Lee 
Schneider, Richard Charles 
Scholl, Phyllis Christian 
Scholtes, Wayne H . 













Thomas, John W. 
Thomas, William Henry 
Thompson, Duane Earl 
Thompson, Victor Carl 
Tiffany, Lois H. 
Tombropoulos, Elias George 
Trayers, James Leo 
Trimnell, Donald 
Unke, Willis Reuben 
Utter, Kenneth Lee 
Valdes, Rose Marie 
Vander Wal, Raymond Paul 
Van Diest, Anton 
Vann, Enos Nicholson 
Vicente, Amparo Julia S . 
Voelker, Howard Henry 
Seymour, Lyle Eugene 













Walker, Alma Toeve 
Wall, James Eugene 
Walsh, Kenneth Albert 
Ware, Fredric Leslie 
Wattier, James Burton 
Weeg, Gerard P. 
Shih, Samuel H.K. 
Shippy, David James 
Simmons, - Clyde Robert 
Singh, Kynpham 
Smith, Frederick G. 
Smith, Martha Frazee 
Smith, Shirley-Jean 
Stage, Doris Virginia 
Starks, Kenneth J. 
Starling, Thomas M. 
Stirpe, Dante 
Stith, Lee Street 
Stone, John Floyd 
Storm, Paul Vissing 
Studt, Dale Marcyl 
Suebsanguan, Seree 
Sutherland, James Bellamy 
Swartz, William J. 
Swartzendruber, Dale 
Swayampati, Persis Dhairyasheel 
Switzer, William P. 
Tague, Robert Edward 
Talboy, James Henry, Jr. 
Taylor, Stanton Adelbert 






















Weeks, Uzziel William 
Weibel, Dale E. 
West, John Bernard 
Wheat, John D. 
Wheat, Joseph Gillett 
Wheelwright, Earl J. 
Whitcomb, Oliver W. 
Whitney, Richard R. 
Wiggans, S.C. 
Wignes, Stanley Allen 
Wilk, Martin B. 
Willham, Richard Lewis 
Williams, Joe Brooks 
Wilson, John Cyril 
Wilson, Vernon E. 
Woods, Joe D. 
Wunderlich, Gene L . 















































Adsorption of some aliphatic 
compounds 























Ammonium in soils 
Analogue computer 





Antibiotics and surface-active agents 
Arachis 34, 35, 3 6, 3 7, 




Assignment of transition multipl e 
orders 
Agrarian reform 
Atomic particles in gases 












Bacteria in refrigerated dairy 
products 402 
Barley 438 
Benzenephosphonic acid 345 
Beta spectra of some short-lived 
nuclides 434 
B lack bullhead 145 
B l ack crappie 
Bluegill 
Bombay Tenancy and 
Agricultural Lands Act 
Bound dispersion in halogen-




Boundedness of solutions 
Bromus inermis --- ---tectorurn 
Brook silvers i des 
435 
432 
Z l , 23, 24 
24 
lZO 
Calcium sulfate 3Z6 
Canadian freight rate control by 
statute 376 
Capillary fringe and water flow 
in soil 442 












Chel ating agents in the separation 
of the rare earth elements 45 
Cherry virus in Prunus Mahaleb 27 
CMBA -- --- l 
Coal spoil-bank materials 35 
Cobalamins reactions 32 
Colletotrichum destructivum 2 
Connective tissue proteins of bovine 
muscl e 41 
Coronilla 34, 35, 38, 3 
varia 38, 39, 4 
Co~linae 3 
Cortisone acetate 42 
Crappies, bluegille, and 
warmouth in Lake Aquabi 11 
Crown rust in oats 21 
Cynoden cynosuroides 53 
Dactylis cynosuroides 
maritima 















Des modi um 34, 36, 38, 3 
51, 55, 57, 59, 61, 65, 67, 'l 
acuminatum 54, 11 
bracteosum sz, 11 
canadense 45, 46, 48, 49, 51, 
canescens 43, 46, 49, 51, 53, 
ciliare 43, 46, 50, 51, 
cus_ei datum 45, 47, sz, 
dillenii 64, ll 
s:labellum 64, ll 
slutinosum 41, 42, 45, 54, 55, 
srandiflorum 52, 54, ll 
illinoense 43, 46, 48, 56, 57, 
laevis:atum 44, 48, 58, 59, 
marilandicum 43, 47, 58, 59, 
nudiflorum 41, 42, 45, 54, 58, 61, 
nuttallii 44, 47, 61, 62, 
obtusum 50, 
~ucum 42, 45, 59, 63, 
eaniculatum 44, 47, 
64, 66, 67, 
eauciflorum 42, 45, 54, 64_, 65, 
eerelexum 64, 1. 
rigidum 44, 48, 67, 68, 
rotundifolium 42, 45, 64, 69, 70, 
sessilifolium 43, 46, 69, 70, 
tortuosum 
viridiflorum 44, 47, 6Z, 71, 
Dibenzofuran 3 1 
Differential equations 43Z, 4• 
Differential equations, regularization 
of certain systems of 3 : 
-Digitari a sanguinali s 3· 
Dinitrophenol z: 
SUBJECT INDEX 
1isodium ethylenebiadithiocarbamate 234 
1isplacement of halogen from 
aromatic nuclei 427 
1istribution of nitrogen in 
vitamin B 1z 269 
iormancy in seeds 348 
:conometric techniques 320 
:conom ic aspects of irrigation 363 
:conomic development 3 66 
:imeria species in chickens 460 
:iectrical properties of coils 394 
.2- and 1,3-Elimination reactions 385 
:nzymatic oxidation of malic acid 13 
:osinophils 424 
:pinephrine 424 
:rysiphe graminia hordei 438 
:stimating the characteristics of 
consumer behavior 
:thnic attitudes of children 
:thylmercuric chloride 
:thyl mercury chloride 
:uhedysarinae 
:uropean corn borer 
:valuating nutrient availability 
in soils 
:xchange reaction between two 
oxidation states of cerium 
'actors stimulatory to cellulose di-
gestion by rumen microorganisms 
~arni practices, diffusion and 
adoption of 
'armers' investment decisions 
~eeding habits of European 
corn borer larvae 
~ertilization 
~ixation and release of ammonium 
in soils 
;-luorescent and incandescent 
light, effect of 
;-ungal glucosidase 
;-ungus leaf spots of brome grass 
;-usariurn solani 
:ienetic and environmental variances 
in maize populations 
:ienetic relationships and growth 
in Holsteins 
:Zermination and respiration 
responses 
:Zibberella zeae 
:Zlued wooden trusses 
:Zolden shiners 
:Zossypium hirsutum, cross between 
two varieties of 
}reen sunfish 
}rowth and mineral nutrition of 
the maize root tip 





























































Insecticide, organic phosphate 
Indicator electrode for metal ions 
Inheritance of quantitative 
characters in wheat 
Inositol hexaphosphate in soils 
Insecticide seed treatments 
Insulin 
Interspecific and intergeneric 
hybrids 
Ionization of carboxylic acids 




Legurninosae of the north central 
United States 






36, 76, 85, 








































































































































violacea 81, 84, 107, 108, 
virginica 81, 83, 107, 108, 








Linear models and randomized 
experiments 
Maize populations 
Maize root tip 
Manganese compounds 
Measurement of soil temperature 
Mechanisms of inhibited air 









Microorganisms in cream 
Micro;eterus salmoides 





Necrotic ring spot virus in 
sour cherry 
Nitrogen economy of protein-
depleted rats 
Nonline.ar differential equations 
Northern black bullhead 
Notemigonis crysoleucas 




























































Optimum livestock production 
Organic mercury compounds 
Organolithium compounds 
Organosilicon compounds 
containing functional groups 
Oviposition rates and yield in 
Apis mellifera L. 




Pathogenicity of pythiaceous fungi 
on corn 
p-chlorome rcuribenzoic acid 
Peanut 
Pen tac hlorophenol 
Perea flavescens 










~on of filtration resistance 
Prediction of yield response to 
fertilization 
Primary algebras 
Production responses of dairy cows 
Profile development in sandy 
development materials 
Properties of vitamin B 12 
Propionic acid bacteria 
Prunus tomentosa 
~iahordei ---- ----coronota avenae 
Pulse column, flooQ.ing charac-
teristics of 
Pyreno;ehora bromi 




Race 4 of leaf rust 
Rac_e 9 of powdery mildew 
Radiation patterns for slotted 
cylinders 
Random and mixed models, 
test procedures for 
Reaction between thorium and 
water vapor 
Reduction of nitro compounds 


















































SUBJECT ·INDEX 619 
Release of nonexchangeable soil 
potassium on drying 407 
Resistance in corn to leaf feeding 
of the European corn borer 428 
Resistance of house flies to 
insecticides 429 
Resistance to oat rust 211 
Rhenium compounds 457 
Rhynchosporium 25 
Rhynchosporium scald 22 
Rhynchosporium secalis 22 
Ridge farming and plant root 
environment 332 
RX compounds 41 9 
Saccharifying methods for alcoholic fer-
mentation of starchy substrates 
Sar~ent reclamation _project 
























§partina, analytical keys 
Europe and Africa 





















































































~ca 479, 502 
maritima 480, 491, 510, 511 
subsp. glabra var. alterniflora 491 
var. brasiliensis 491 
var. glabra 491, 492 
merrillii 492 
































































S_ugar beet diseases 





Temperatures in photoperiodic 
chambers 
Teratogeny in vitamin E-deficient 
rates 
Test procedures for incompletely 
specified random and mixed 
models 
Tetramethylthiurarn disulfide 









Timing of conservation returns 
Titanium III 
Tobacco mosaic virus nucleic acid 
Toxicity of several nonprotein 

































Vibrating jets in liquid 
Vilfa spartinae 
Virus spread in sour cherries 











Yield in upland cotton {Gossypium 
hirsutum). 
Zirconium metal 
